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Activities and Development of the 
Meetings and Papers Committee 


Technical meetings of the Institute are held primarily 

for the purpose of bringing to the attention of the 
membership, current developments in the electrical 
art and of affording an opportunity for the interchange 
of views on electrical subjects. Responsibility for 
accomplishing these objectives rests with the Meetings 
and Papers Committee. 
- This committee is admirably fitted to keep in contact 
with electrical progress and to arrange for the presenta- 
tion and discussion of papers. Its members include 
the chairmen of the sixteen technical committees and 
ten other members of the Institute. 

The committee chairmen, through frequent meetings 
of their respective committees, and the remaining 
members through other contacts, keep in intimate 
touch with progress in all branches of electrical science. 

The present policy with regard to conventions and 
the present organization of the Meetings and Papers 
Committee have evolved with the growth of the In- 
stitute and the accumulated experience of past years. 

A system for handling papers and meetings became 
necessary at the very beginning of the Institute in 1884. 
At first these were handled by the Council, which corre- 
sponded to the present Board of Directors. In the first 
year one technical meeting was held and ten papers 
presented. In the same year the first predecessor of 
the present committee was appointed. It was called 
the Meetings and Exhibitions Committee and had 
three members. One technical meeting was held in 
1885 and two in 1886. In the latter year it was decided 
to hold monthly meetings and a Committee on Monthly 
Meetings, consisting of three members, was appointed. 
The monthly meetings were started in 1887 and con- 
tinued as Institute meetings until 1921. 

As the Institute grew, it was found necessary in 1888 
to appoint a Committee on Papers and Mectings, 
consisting of five members, and a separate Editing 
Committee, of three members. These two committees 
were combined in 1893, but were separated again in 
1901. 

The first two technical committees were appointed 
in 1906. In 1907 there were three technical committees 
and these were attached as subcommittees to the Meet- 
ings and Papers Committee, as it now was called. 

In 1909 the technical committees, of which there were 
then six, were separated from the Meetings and Papers 
Committee, but in order to retain contact, their 
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chairmen were made members of this committee. This 
plan is still in effect today, though the number of tech- 
nical committees has increased to sixteen. 

Institute meetings were held monthly, except during 
the summer, from 1887 until 1921. At first these were 
held in New York, but in later years many were held in 
other cities. In 1921 it was decided that there should 
be only three national Institute conventions and that 
monthly meetings should be classed as Section meetings. 
At that time there were forty-two Sections holding 
regular Section meetings. 

The three national conventions were to be the Annual 
Convention, started in 1884; the Pacific Coast Con- 
vention, started in 1910; and the Midwinter Conven- 
tion, started assuchin1913. Another national meeting, 
known as a Spring Convention, was initiated in 1922, 
but it was discontinued after 1925, principally because 
of the development in regional meetings. 

The present year'y program of the Institute includes 
three national conventions and a number of regional 
meetings. The number of regional meetings is not 
fixed but depends largely on the needs and desires of 
the various geographical districts. Three regional 
meetings were held in the year 1925-1926 but it is ex- 
pected that in future the number of such meetings will 
increase. 

It is of prime importance that the programs for con- 
ventions and meetings shall treat electrical subjects 
from a broad viewpoint and present technical informa- 
tion of interest to a large institute membership which 
includes all branches of the profession. With a 
membership composed of specialists, consulting en- 
gineers, operators, executives and others it is necessary 
to weigh all factors if a well balanced program is to be 
developed. 

Furthermore, the Meetings and Papers Connie 
in addition to the preparation of technical programs, 
develops its convention programs with a view to co- 
operating with public officials, financiers, executives 
and industrial leaders, in order to advance the status 
of the profession.. 


When a convention is being planned, this committee 
is guided very largely by the advice and wishes of the 
local convention committee, which has jurisdiction over 
all arrangements excepting the actual selection of 
technical papers. The local committee has an intimate 
knowledge of local conditions and can best suggest 
those elements which will give greatest benefit to the 
membership in its general territory. In this regard the 
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ocal convention and regional-meeting committees 
have been most helpful and have given most valuable 
co-operation. ; 

Technical papers are submitted by the authors with- 
out solicitation on the part of the committee or in case 
it appears desirable to present information on some 
specific branch of the art, are obtained as the result of 
solicitation or suggestion by one or more of the com- 
mittee members. 

Upon receipt of a paper submitted for presentation 
or publication, the usual course is to refer it to the tech- 
nical committee or committees conversant with the 
subject, for the purpose of securing an opinion as to 
its worth. 

As a result of these and other opinions a paper is 
either accepted, rejected or returned to the author with 
constructive suggestions for its revision. 

Discussion of papers is almost as important as their 
presentation and consequently the Meetings and Papers 
Committee endeavors to secure intelligent discussion 
at all meetings by general invitation and individual 
request. 

E. B. MEYER, 
Chairman, M. and P. Committee. 


Some Leaders 


of the A. I.E. E. 


Calvert Townley, the thirty-second president of the 
Institute, 1919-1920, was born in Cincinnati, Ohio, 
Oct. 18, 1864. He prepared for college at Chickering 
Institute, that city, and was graduated from the Shef- 
field Scientific School of Yale in 1886. Returning there 
for a graduate course he received the degree of M. E. 
in 1888. A summer as a laborer helping to rebuild the 
burned station of the Brush Electric Light Co. of Cin- 
cinnati was followed by a seventeen year engagement 
with the Westinghouse Electric interests at Pittsburgh, 
Cincinnati, Boston and New York. Starting as road 
engineer, or trouble man, and later becoming designer 


of distribution systems he was shortly transferred to the . 


sales department. Here, although officially free from 
engineering duties, his inclination led him to study the 
technical problems, first of electric light then of power 
and finally of traction. He was active in the Niagara 
Falls development, the equipment of the Boston sub- 
ways, the New York and Brooklyn elevated systems 
and the New York subway. In 1904, he went with the 
N. Y.N. H. & H.R. R. as acting fourth vice-president, 
to electrify their line out of New York. About that 
time this railroad began acquiring utility com- 
panies, (largely trolley lines) and Mr. Townley was 
appointed first vice-president of the holding company 
to manage their utilities as a side issue. The “side 
issue’ soon reached such magnitude that after 
completing electrification plans and drawing specifi- 
cations, Mr. Townley asked to be relieved of con- 
struction duties and became consulting engineer for 
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the New Haven Railroad thereafter devoting most of | 
his time to executive management of the utilities. In 
1911 he renewed his former connection with the West- 
inghouse Company as assistant to the president a 
position which he now holds. During the latter period, 
he has served as president of the Lackawanna & Wyo- 
ming Valley Railroad, vice-president of the Niagara, 
Lockport & Ontario Power Co., vice-president of the 
South Philadelphia Co., vice-president of the Inter- 
national Radio Telegraph Company and officer or 
director of many other companies. He has toured 
Europe and South America in professional capacity. 
During the war he superintended the erection of a tur- 
bine factory near Philadelphia, the output being very 
largely used for the Federal Government merchant and 
naval vessels. 

Mr. Townley joined the A. I. E. E. as an associate 
in 1901 and became a Fellow in 1912. He was elected 
Manager in 1905, vice-president in 1908 and President 
in 1919. In 1923 he was chairman of the New York 
Section; for over five years he was chairman of the 
Public Policy Committee, for two chairman of the 
Finance Committee and, at various times, served on 
other Committees, including Executive, Meetings and 
Papers, Standards, Edison Medal and Constitution 
Revision. He served as vice-president and trustee of 
The United Engineering Society and on. The Engineer- 
ing Foundation Board. In 1919, Mr. Townley was 
chairman of the Special Committee on Development 
which studied the needs of the Institute and of the 
profession. Out of this study came the joint committee 
of the four Founder Societies on which he served, and 
then on The Engineering Council. Mr. Townley was 
chairman of the Organizing Conference of American 
Engineering Council at Washington, was elected a 
vice-president, later declining the presidency. He 
was a delegate and member of the Executive Com- 
mittee of the American delegation to the World Power 
Conference in London in 1924 and a member of the 
American Industrial Mission to Mexico that same year. 
He has contributed many papers, mostly dealing with 
power and traction problems. 


It is estimated that between 12,000,000 and 
15,000,000 radio sets are in operation throughout the 
world, according to a survey recently made. Of these, 
the United States is believed to have nearly half, or 
more than 5,500,000 sets. 

About 900 broadcasting stations are now operating, 
more than 500 being in the United States. The actual 
number of stations which may be operating is, of 
course, considerably less, owing to the number of di- 
vided-time agreements in force; this practise, however, 
is not common in foreign countries, as the stations are 
fewer and the distances between them greater. The 
wave bands used abroad are also much wider. 


Carrier-Current Gommunication on Submarine 
Cables 


Los Angeles-Catalina Island Telephone Circuits 
BY H. W. HITCHCOCK: 


Associate, A. I.E. E. 


Synopsis.—Seven telephone channels and one telegraph channel 
on one single-conductor deep-sea cable have been made possible by 
the employment of carrier current on one of the two submarine cables 
across Catalina channel. This is the only application of carrier 
telephony to deep-sea cables; the system is the shortest carrier system 


(26 mi.) in commercial operation; it provides more separate carrier 
channels (six) than has been previously attempted; and tt differs in 
other important respects from other systems. This paper describes 
this carrier-current system. 


N the commercial application of new developments in 
the electrical communication art, there are a few 
places which repeatedly call attention to themselves. 

Notable among these is Catalina Island, for it is prob- 
able that in providing telephone service across the short 
expanse of water which separates Catalina from the 
mainland, more novel improvements have been em- 
ployed than at almost any other point. 

The first commercial telephone communication with 
Catalina Island was established in 1920 when a radio 
system was placed in operation between Avalon and 
the mainland, the circuit being extended by wire to 
Los Angeles. This circuit was in use for several years 
and featured in a number of transcontinental demon- 
strations, including the one which was held at the open- 
ing of the service to Havana over the Key West-Havana 
cables. 

The system is of considerable interest as it represents 
the only instance in which radio has been used, in this 
country at least, to form a portion of a toll telephone 
system for the general use of the public. That it was 
reasonably successful is demonstrated by the fact that 
on some days as many as 183 commercial telephone 
messages and a large number of telegrams were handled 
over it. The system also proved to be one of the tirst 
popular broadcasting stations and many letters were 
received from radio fans, often several hundred miles 


away, telling of some of the amusing conversations ° 


which were overheard. 

In 1923 the radio was replaced by two single-con- 
ductor submarine cables. By that time the demands 
for service were too great to be met by a single circuit, 
while the growing interest in radio broadcasting, as well 
as the increasing interference from ship transmitters, 
rendered its continued operation very difficult and un- 
satisfactory. The submarine cables were of the single- 
conductor, deep-sea type, each providing a single-wire 
circuit. They are of interest for a number of reasons, 
chiefly, perhaps, because they represent one of the few 


1. Transmission and Protection Engineer, Southern Cali- 
fornia Tel. and Tel. Co., Los Angeles, Calif. 

Presented at the Pacific Coast Convention of the A. I. EH. E., 
Salt Lake City, Utah, Sept. 6-9, 1926. 


instances of deep-sea cable manufacture in this country. 
From the cable hut at San Pedro, the circuit is extended 
to the office by means of a special lead-covered cable 
containing four individually shielded No. 18 B & S gage 
pairs for the telephone circuits and four 19-gage pairs 
for the telegraph circuits and other miscellaneous uses. 
Between the San Pedro office and Los Angeles, the 
circuit was composed of a No. 19 B&S gage cable 
phantom. At San Pedro a through-line repeater was 
inserted in order to secure the desired over-all equivalent 
between Avalon and Los Angeles. A description of 
these cables and their laying was given in a paper 
presented by the writer at the Pacific Coast Convention 
in 1923 and published in Volume XLII of the TRANS- 
ACTIONS. 

Although the two circuits provided by the cables 
represented a great improvement over the previous 
condition as regards the quality of the service rendered 
and the number of messages which could be handled, 
it was realized that they would soon prove inadequate 
to handle the heavy summer business, for which eight 
or ten circuits would be required in a relatively short 
time. To provide for such a large increase by the 
laying of additional cables was deemed impractical, 
as the cost would be excessive. Furthermore, in water 
of this depth—3000 ft. (914 meters)—it is important 
that cables be laid at least a mile or two apart, so that 
in the event that trouble develops on one, it can be 
repaired without disturbing any of the others. For a 
total distance as short as the width of the Catalina 
channel—23 nautical mi. (6087 ft. or 1856 meters per 
nautical mi.)—such a separation between adjacent 
cables could not be maintained without materially 
increasing the length of the outer ones with a corre- 
sponding increase in their cost and in their transmission 
equivalents. In view of these facts, it was decided to 
secure as many more circuits as possible by operating 
carrier systems over the two cables already in use. 
This project was actively promoted with the result that 
on May 15, 1926, six carrier telephone circuits were 
placed in operation. 

The use of carrier in the past few years has increased 
so rapidly that the mere addition of a new system is, 
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in itself, of hardly more than passing interest. In 
this instance, however, there are a number of factors 
which render the project of particular interest. It is 
the shortest carrier system—26 mi. (43 km.)—in com- 
mercial operation. It is the only application of carrier 
telephone to deep-sea cables; the system provides more 
separate channels (six) than has ever before been 
attempted, while the particular arrangement employed 
is different in many other important respects from any- 
thing which has been used in the past. 

In order to better appreciate the reasons for adopting 
the system finally agreed upon, it may be of interest to 
review briefly the essential characteristics of carrier 
systems and the different types which are available. 
The general principles of carrier-current telephony are 
described at considerable length in a paper by Messrs. 
Colpitts and Blackwell which was published in Volume 
XL of the JOURNAL of the Institute. 

Carrier systems may be divided into two general 
classes, namely, balanced or grouped, depending upon 
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the manner in which the currents in the two directions 
are prevented from interfering with each other at the 
terminals. In the balanced system this separation is 
accomplished by means of a three-winding transformer 
or hybrid coil together with a balancing artificial line 
such as is used with a voice-frequency repeater. In 
the grouped system, different carrier frequencies are 
used for transmission in the two directions and their 
separation at the terminals is effected by means of 
suitable band-pass filters. These two systems are 
shown diagrammatically in Fig. 1. The balanced 
system has the advantage that for each channel the 
same carrier frequency may be used for transmission in 
both directions so that there may be as many channels 
as there are separate carrier frequencies. On the other 
hand, the wire circuit must be very uniform throughout 
so that the impedance will be very regular over the 
entire carrier-frequency range, and may be simulated 
by an artificial line. The line must also be very sta- 
ble so that the impedance balance, once having been 
secured, will not be disturbed. Furthermore, as trans- 
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mission with the same carrier takes place in the two 
directions, the effect of the cross-talk between systems 
of the same type is very severe, so that it is usually 
impractical to operate two of these over wires which 
are in close proximity for any considerable distance. 
The grouped system has the advantage that a balancing 
line is not required and hence small circuit irregularities 
are relatively unimportant. Furthermore, the effect of 
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cross-talk is much less severe, so that a number of sys- 
tems may often be operated over adjacent circuits. 
One disadvantage is that two carrier frequencies are 
required for each channel so that fewer circuits can be 
secured with one system. 

Carrier systems may also be divided into two classes 
depending upon the manner in which the carrier current 
is provided at the receiving end. In the carrier trans- 
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mission system, the carrier current is supplied by the 
oscillator at the sending end and is transmitted over the 
circuit along with one or both of the side bands. In 
the carrier suppression system, the carrier current 
itself is not transmitted but isintroduced into the receiv- 
ing equipment from a local source. This latter system 
is proving to be superior for general carrier purposes 
because of the advantages which accrue from relieving 
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the line and apparatus from the load of the carrier 
current. 

Turning now to the electrical characteristics of the 
cables, we find that each one provides a circuit having a 
transmission equivalent which increases throughout 
the carrier range but is moderate in magnitude. The 
impedance, as is to be expected with a uniform, non- 
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In view of all the conditions outlined, a balanced 
system of the carrier suppression type was decided upon. 
Such a system provides the maximum number of chan- 
nels per cable, while the usual difficulties of impedance 
balance and inter-system cross-talk are largely absent 
due to the unusual characteristics of the cables. The 
adoption of such a system also made possible the em- 
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loaded , cable, is very smooth, and since there is no 
opportunity for any change in the cable constants, the 
impedance has practically no variation. The trans- 
mission equivalent and the impedance of one of the 
cables are shown in Figs. 2 and 38 respectively. The 
cross-talk between the cables is small enough to be en- 
tirely negligible, regardless of the type of carrier sys- 
tems<employed. 


ployment of standard units of equipment of the most 
recent design. The general nature of the system and 
the arrangement of the component parts is shown 
diagrammatically in Fig. 4. Fig. 5 is a simplified cir- 
cuit diagram showing the filters for separating the 
various circuits at the terminals, together with the 
balancing arrangement. In Fig. 6 are shown the essen- 


. tial parts of one channel together with the amplifiers 
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and the hybrid coil which are common to all the chan- 
nels. For convenience, some of the battery and auxil- 
iary circuits have been omitted in the figure. 

At the time the system was under development, it 
was uncertain that balanced operation of all channels 
over a single cable would be practicable, so that an 
alternative arrangement involving substantial four-wire 
operation’ over, the two cables was provided for. With 
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and six carrier-frequency telephone channels. 
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The 
separation of the various channels is effected by means 
of electrical filters. Fig. 8 shows the band of fre- 
quencies employed for each channel. For the d-c. 
telegraph this separation is effected at the terminals 
of the cable as is shown in Fig. 5. The telegraph circuit 
requires a continuous d-c. path, whereas the telephone 
channels require the insertion of an inequality ratio 
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this arrangement, which is shown diagrammatically 
in Fig. 7, all transmission in one direction takes place 
over one cable, while transmission in the opposite 
direction is effected over the second cable. No bal- 
ancing equipment or hybrid coils are employed. Such 
an arrangement would increase the system stability, if 
such were required, but would limit the total carrier 
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insulating transformer at the ends of the cable in order 
to properly join the 43-ohm grounded cable circuit 
with the 600-ohm metallic circuit formed by the office 
equipment and intermediate cable. As this trans- 
former must pass both the voice and carrier channels, 
it has been designed so as to have a high efficiency for 
all frequencies between 250 and 30,000 cycles. Separa- 
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capacity of the two cables to six channels. In the event 
of the failure of one cable, operation with such a system 
would be impossible, and it would be necessary, at that 
time, torevert to the two-wire arrangement as described 
above, with a possible reduction in the over-all gain or a 
reduction in the number of operating channels. 

As may be seen from Fig. 4, a carrier-equipped cable 
providesad-c. telegraph circuit, and one voice-frequency, 


tion of the voice-frequency circuit from the carrier 
system is performed by means of the usual-high and low 
pass filters which are located at the central offices. 
These filters both have a cut-off frequency of 3000 
cycles, the low pass transmitting all frequencies below 
this value and the high pass transmitting all above it. 
In the carrier system the transmitting and receiving 
currents are separated from each other by a hybrid 
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coil and balancing network. Between the output of 
the six modulators and the common transmitting 
amplifier, individual band-pass filters are located. 
Kach one of these filters is designed to transmit one of 
the side bands produced by the modulator associated 
with it and to suppress all other frequencies. The six 
receiving currents are separated in a similar manner. 
Each filter allows current of the proper frequency to 
pass to the corresponding demodulator and excludes all 
others. Each demodulator is also provided with a low 
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pass filter which allows the passage of the resulting 
voice-frequency current but excludes all incidental 
higher frequencies which might be present and render 
the circuit noisy. The input of each modulator and the 
output of the corresponding demodulator are finally 
joined by means of a voice-frequency hybrid coil and 
extended to the circuit terminal as a two-wire circuit. 
At the San Pedro end, each two-wire circuit is extended 
to Los Angeles over a loaded cable circuit. Phantoms 
are employed for this purpose as they have a higher 
cut-off frequency than have the side circuits, with a 
correspondingly better quality. 

Concerning the carrier system itself, the two ends are 
practically identical while the general equipment 
arrangement for an individual channel is the same in all 
cases except for the frequency of the band-pass filter. 
For this reason, a consideration of one channel is suffi- 
cient. Each channel is composed of a voice-frequency 
hybrid coil, a modulator with its band-pass filter, an 
oscillator, and a demodulator, together with its 
associated filters. In addition, there is, at each end, a 
carrier hybrid coil together with transmitting and 
receiving amplifiers which are common to all channels. 
The arrangement of this equipment is shown schemati- 
cally in Fig. 6, as previously indicated. 

The modulator the input of which is connected to the 
center taps of the hybrid coil line windings consists of 
two vacuum tubes arranged for push-pull operation. 
The carrier current which is supplied by the oscillator 
is applied to the two grids by means of a transformer. 
Such a circuit generates the two side bands but sup- 
presses the carrier. In order that this suppression may 
be as complete as possible, the small condenser 
associated with the grid of one of the tubes is made vari- 
able and is adjusted until the carrier current in the 
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modulator output is reduced to a minimum. The 
band-pass filter transmits one of the side bands and 
suppresses the other, as well as all miscellaneous result- 
ant currents of a higher order which are produced by the 
modulator. It also prevents the output currents of the 
other channels from entering the modulator circuit as 
this would cause a reduction in their efficiency and give 
rise to undesirable frequencies. 

The demodulator is very similar to the modulator. 
The tube arrangement is substantially the same and 
carrier current is supplied from the one oscillator. 
In the demodulator a complete suppression of the car- 
rier is unnecessary as this is accomplished by the low 
pass output filter. For this reason, the small balancing 
grid condensers are omitted. In order to adjust the 
over-all gain of the channel, the demodulator is pro- 
vided with an adjustable potentiometer graduated in 
two transmission unit steps, and in addition, fixed pads 
are provided for making further gain adjustments. The 
output of the demodulator is connected to the series 
winding of the voice-frequency hybrid coil. 

The oscillator which supplies the carrier current to 
the modulator and demodulator is of the usual type. 
The tuning condenser includes a small variabie unit 
for making small adjustments in frequency. Separate 
oscillators are used at the two ends for each channel, 


_and as these are in no way connected together, it is 


occasionally necessary to make slight adjustments in 
order to keep the frequencies at the two ends sub- 
stantially equal. The oscillators are very stable, 
however, and such adjustments are seldom required. 

The individual channel filters are all of the band-pass 
type as previously indicated and have a free trans- 
mission range of approximately 2500 cycles. Outside 


Fig. 9 


this free range they have a ‘high impedance so as not to 
act as a shunt for the other channels. They are all of 
substantially the same construction, although the 
constants of the component parts necessarily vary as the 
filters for the different channels transmit different 
frequencies. 

The transmitting and receiving amplifiers, which are 
practically identical, are shown schematically in Fig. 9. 
They consist of two push-pull stages connected in 
tandem. Each half of the second or output stage con- 
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sists of two parallel tubes of high output capacity. 
In this way a comparatively high gain and a large 
energy output may be secured without overloading. 
This is very important as these amplifiers are common to 
all six channels and any tendency to overload would 
produce objectionable distortion and _ inter-channel 
modulation. In order to adjust the over-all gain for 
the entire system, each amplifier is provided with an 
input potentiometer. 

As has been previously indicated, the transmitting 
and receiving circuits are joined to the cable by means 
of a hybrid coil. Probably the most difficult problem 
encountered in the installation of this system was the 
securing of an adequate balance. The difficulty of 
doing this may be better appreciated when it is realized 
that this balance must cover all frequencies from 3000 
to 30,000 cycles, and must have a value of from 30 to 
45 T. U., the higher value which represents an impe- 
dance unbalance of approximately one per cent being 
required at the upper frequency. In order to secure 
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- such a balance, every part of the line circuit was 
matched by a similar part in the network circuit. All 
filters and transformers on the line side of the hybrid 
coil were duplicated in the network, and on the San 
Pedro side a 13-gage carrier-loaded cable pair was 
included in the network circuit between the office and 
the cable hut, and the inequality ratio transformer and 
basic network simulating the cable were located at the 
latter point. In addition to providing a balance within 
the carrier range, it was necessary at the San Pedro end 
for the network circuit to balance the cable within the 
voice-frequency range as a through-line repeater is 
employed on the voice-frequency circuit. Not only 
was it necessary to duplicate all parts in the line and 
network circuits but in addition they were carefully 
selected and paired so that the two parts associated 
would have, as nearly as possible, the same electrical 
characteristics. All wire pairs within the office which 
appeared in the carrier frequency circuits were indi- 
vidually shielded by means of a grounded metallic 
covering. The 13-gage carrier-loaded pairs in the cable 
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joining the hut and the office were also individually 
shielded by means of a lead foil wrapping. This was 
done in order to preserve the balance and prevent 
cross-talk with another system which may be placed on 
the second cable at some future time. 

Although extreme care was exercised in making the 
refinements described, the balance was still lower than 
was desired so that small variable auxiliary impedances 
were inserted at suitably chosen points in the line and 
network circuits. By the adjustment of these elements, 
it was found that the balance could be raised to any 
desired value for any particular channel, but that in so 
doing, the balance on some of the others would be 
impaired. By careful adjustment, however, it was 
possible to secure a balance for all channels within the 
range previously mentioned. As the transmission 
equivalent of the cable increases with the frequency, 
the over-all channel gains must be increased in the same 
manner in order that all circuits may have the same 
over-all equivalent. The networks were therefore 
arranged so that the higher frequencies would have the 
better balance, as in that way the margin of balance 
over gain could be made substantially the same for all 
channels. Since this margin should not be allowed to 
fall below a fairly definite minimum if the circuit is to 
have the desired stability, it is evident that the balance 
which may be secured determines the over-all gain 
which is possible. In this case the circuit equivalent 
for all channels between Los Angeles and Avalon was 
set at five T.U. As the loaded cable between Los 
Angeles and San Pedro is approximately nine T. U., 
it may be seen that the carrier system actually intro- 
duces a gain and performs the function of a repeater 
besides increasing the number of circuits. Fig. 10 
gives a frequency characteristic of one of the channels 
which is typical of all of them. Balancing equipment 
has been provided for both cables as is shown in Fig. 5. 
With this arrangement, the carrier system may be 
operated over either cable. The transfer from one 
cable to the other is so simple that it can be made with 
practically no traffic interruption. 

Signaling over the carrier channels is effected by 
means of 1000-cycle ringers which are connected to the 
circuits at the two terminals. As the ringing current 
is within the voice range, it is transmitted over the 
regular carrier channel so that no additional signaling 
equipment is necessary. 

In order to insure satisfactory operation, all necessary 
testing facilities are included. Meters and keys are 
provided for measuring the voltages of the plate, grid 
and filament batteries as well as the plate and filament 
currents of all tubes. Individual rheostats are inserted 
in all filament circuits for making any adjustments that 
may be necessary. -Alarms are provided to indicate 
any abnormal condition which might develop'on any 
tube. Thermocouples and artificial lines have been 
conveniently arranged for checking the efficiency of all 
units such as the modulators and demodulators. 
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Jacks are located at suitable points so that any changes 
which may be necessary can be quickly made. 

The general appearance of the carrier system may be 
seen from Figs. 11 and 12 which show the equipment at 
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San Pedro and Avalon respectively. Fig. 13 is an 
interior view of the San Pedro cable hut showing the 
cable terminals, together with the insulating trans- 


formers, telegraph composite sets, and basis networks. 
Referring to the central office equipment, the first bay 
contains the equipment for two complete channels. 
At the top are the terminal strips for making all con- 
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nections with the equipment below. On the next two 
small panels are mounted the hybrid coils and the other 
miscellaneous apparatus associated with the voice- 
frequency ends of the two channels. Below these are 
the modulator and demodulator band filters which are 
covered with dust proof cases. Next comes the modu- 
lator and demodulator panels for one channel. Below 
the two jack strips is mounted similar equipment for a 
second channel but arranged in reverse order. In the 
upper half of the second bay is located a small panel 
mounting the carrier hybrid coil and associated equip- 
ment. Below this appear the transmitting and re- 
ceiving amplifiers. The lower half of the bay is similar 
to the lower half of the first one. In the third bay is 
mounted all the battery supply and testing apparatus. 
The first two units contain the battery retard coils. 
Below these are the alarm relays and auxiliary re- 
sistances. Next come the meters for measuring the 
tube currents and voltages, and below these are the 
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thermocouples and artificial lines for making high 
frequency measurements. Below the jack strip are 
the keys for opening and closing the individual filament 
circuits used for measuring the plate and filament 
currents. Alarm lamps are also associated with each 
of the filament circuits. The fourth bay is similar to 
the second except that the upper half is vacant. As 
may be seen from the photographs, the amplifiers appear 
on the second bay at San Pedro and on the fourth at 
Avalon. The fifth bay is an exact duplicate of the 
first. 

The new system has now been in successful operation 
for the past five months. In the light of its perform- 
ance thus far, we feel assured that when more circuits 
are required a second system of six channels can be 
added to the second cable, thus providing a total of 
fourteen telephones and two telegraph circuits over the 
two single-conductor cables. Such a circuit group, we 
believe, will meet the traffic requirements for quite a 
number of years. 


Temperature of a Contact 


and Related Current-Interruption Problems 
BY J. SLEPIAN: 
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Synopsis.—A formula is derived for the temperature rise of the 
last contact point of a pair of separating electrodes. The relation of 
this toarcing ataswitch, brush drop, and commutation, ts discussed. 


Experiments on the interruption of current by a switch in vacuum 
are described. 
* * * * * 


Low-Voltage Sparking at a Contact. It is a matter of 
common knowledge that when a circuit carrying current 
is opened at a pair of contacts, a flash of light which 
may be a spark or an are results, even though the 
voltage of the circuit may be quite low. For example, 
if the blade of a knife is drawn across the terminals of a 
dry cell, a shower of sparks is thrown off, even though 
the cell gives only 11% volts. This phenomenon calls 
for explanation, since to start or maintain a discharge 
in gases or metal vapors in general calls for certain 
minimum voltages. 

To start a discharge in a gas between separated elec- 
trodes requires in general several hundred volts, and to 
maintain an are discharge, except under very special 
conditions, fifteen volts or more are required. How 
is it that the short-circuited, 1.5-volt battery gives such 
brilliant sparks? 

Temperature at the Last Contact. An analysis of the 
thermal conditions at the last point of contact of a pair 
of separating-electrodes suggests an answer to this 
question which has been raised. As the electrodes sep- 
arate, the area of contact becomes smaller and smaller, 
so that the ohmic resistance through the electrode 
material up to the contact area becomes larger and 
larger. When the contact area reduces to a geometric 
point, this ohmic resistance becomes infinite. Hence, if 
a discharge does not start, all the voltage of the circuit 
must ultimately concentrate on this last contact. 
With metal electrodes, this means that there is an 
enormous concentration of current and power at the 
last contact so that a very high temperature is attained. 

In the appendix, an approximate formula is derived 
for the temperature rise of a small contact between 


large electrodes when FE volts are applied to it. It is 
E? . 
resist p (1) 


where p is the electrical resistivity (ohms/cm.*) andk the 
thermal conductivity (calories/cm.*?/deg. cent/cm.). 
Table I shows the temperatures for different electrode 
materials and voltages. 

Thermonic Emission and Thermal Ionization. The 
very high temperatures indicated in Table I for metal 

1. Research Engineer, Westinghouse Elec. & Mfg. Co., East 
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electrodes permit a ready explanation of the discharge 
obtained at separating electrodes, for there are two 
ways known by which the minute gap between the 
electrodes will be made conductive by a sufficiently 


TABLE I 
TEMPERATURE RISE OF CONTACT 
Electrodes 1-Volt 10-Volt 100—Volt 

Metal 

fp Oe? 3000 deg. 3 X 10° deg. 3 X 107 deg. 

k =1.0 
Carbon brush 

fy =O 60 6000 ei 

k = 0.05 
Autovalve arrester disc. 
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high temperature. One is by thermionic emission from 
the electrode which is cathode. It is well known that 
at sufficiently elevated temperatures, current may be 
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passed from a cathode into space by means of emitted 
electrons. Fig. 1 gives the relation between thermionic 
current density and temperature for a few metals. 

Another way in which a high temperature may make 
the space between the electrodes conductive is by ther- 
mal ionization of the gas or vapor there., Saha? showéd 
that at sufficiently high temperature, gases will undergo 
a spontaneous ionization which will render them con- 
ductive. Fig. 2 gives for various gases the current 
density at the cathode as a function of temperature 
calculated from Saha’s equation and the theory of 
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Langmuir’. Since the vapor given off by a metal has 
the temperature of the metal, if the last contact is 
sufficiently hot, the vapor which it gives off will be 
highly conductive. 

Examination of Figs. 1 and 2 shows that, to obtain 
high current densities, either by thermionic emission or 
by thermal ionization, temperatures in excess of the 
boiling points of the electrodes will be required. At 
first sight this presents a difficulty, as it may be thought 
that the rapid vaporization of the electrodes with the 
accompanying absorption of latent heat would prevent 
further rise of temperature of the contact. However, 
at any particular temperature, the rate of vaporization 
from a surface is finite, whereas the energy input 
density into the contact becomes infinite as the contact 
area approaches zero. Hence the vaporization cannot 
limit the temperature of the last contact point. The 
temperature of the last contact will be prevented from 
reaching the values of Table I only by current being 
diverted from it into the surrounding space or vapor. 

Opening of Switch Carrying Current. The preceding 
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considerations show that the opening of a switch with 
metal or other low-resistivity electrodes will always be 
accompanied by a discharge if there are more than a 
few volts in the circuit, and this will be true regardless 
of the medium in which the switch is placed, whether it 
be air, oil, or even high vacuum. If the circuit voltage 
is more than 15 or 20 volts, this discharge will change 
over into an arc discharge when the contacts become 
completely separated. This arc will be stable with very 
small electrode separation, but may become unstable 
when the electrode separation is increased. 

As Table I shows, it is possible to increase the voltage 
necessary to start an are at a switch contact by raising 
the electrical resistivity of the electrode material. 
This was mentioned in a paper on the ‘‘Autovalve 
Arrester’’* and Fig. 3 is reproduced therefrom. The 
parabolic form of this curve is predicted by equation (1). 

Switch in High Vacuum. Before these considerations 
were appreciated, the author believed that in a suffi- 
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ciently high vacuum, arcless operation of a switch 
could be obtained even with relatively high voltage. 
Accordingly some experiments were carried out under 
his direction by Mr. W. J. Cahill. The tube 
was constructed as shown in Fig. 4. The contacts 
were held together by one of the supporting arms 
being a steel spring, and they were pulled apart by 
the action of the coil shown upon the iron armature 
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connected to the movable contact. The contacts 
could be changed, being held in place by a screw and 
nut. 

The following combinations of electrodes were tried: 
Cu-Cu; Fe-Fe; Ni-Ni; Ni-Fe; Ni-Cu; C-Fe; C-Ni; C-Cu. 
The contact was placed in a 110-volt, d-c. circuit, with 
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current controlled by,a rheostat. In no case was in- 
ductance purposely introduced. 

The tests showed that even with a vacuum of 0.001 
mm., a luminous flash was produced with currents as 
low as one or two amperes. As the current was increased 
in strength, the flash became more intense, and appeared 
to persist for a longer time. The contacts quickly 
roughened under repeated service, and usually failed 
at from 40 to 50 amperes by welding together on closing. 
The best results were obtained with the carbon nickel 
combination, which could be made to work at 45 am- 
peres at the rate of five or six times a minute. 

The reason for the disappointing results is quite 
evident. It was impossible under the conditions of the 
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test to avoid a high temperature at the last contact. 
This meant volatilization of the electrode, and momen- 
tarily an are carried in the electrode vapor. This are 
would be very rapidly extinguished by the quick con- 
densation of the electrode vapor, so that the principal 
obstacle to the practical application of the vacuum 
break was the consumption and roughening of the 
electrodes, and the difficulty of getting enough pressure 
upon the contacts to overcome the effect of this 
roughening. ' 
Sparkless Commutation. The commutation of current 
in the ordinary d-c. generator and motor is perhaps the 
best example of continual opening and closing of heavy 
current circuits without arcing. It is interesting to 
consider present practise in the way of voltages and 
brush resistivities in the light of Table I. The voltage 
per bar on d-c. machines is usually from 15 to 20 volts, 
and in the commutating zone this is reduced by means 
of interpoles to less than a volt or two. Carbon brushes 
for d-c. service have resistivities from 0.001 to 0.01 
ohm per cm.’ Looking at the second example in Table 
I, we see that one volt gives a temperature rise of 60 
deg., whereas 10 volts gives a prohibitively large 
temperature rise. Thus it appears that the limits for 
successful commutation are determined by the tem- 
perature of the last contact of brush and segment. 


Contact Drop of Brushes. In the usual theories of 
commutation, the property of brushes considered is the 
contact drop of potential. That is, it is found experi- 
mentally that when less than a certain (usually rather 
erratically varying) voltage is applied between brush 
_ and commutator or slip ring, only a small current flows, 
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whereas if this voltage is exceeded very large current 
flows. The preceding paragraph suggests that this 
property of contact drop has a thermal origin, and that 
the contact drop is that voltage at which the relatively 
few points of intimate contact reach such high tempera- 
tures that conductivity is given to the space around 
them. 

If this were so, then by formula (1), for brushes of 
the same thermal conductivity, there should be pro- 
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portionality between the square of the contact drop 
and the brush resistivity. Mr. C. F. Wagner has 
collected data on commercial brushes, and also data on 
contact drop of high resistivity material such as is used 
in autovalve disks. These he plotted on double log 
paper as is shown in Fig. 5. The best straight line 
which can be drawn through these points has a slope of 
0.43, indicating a quadratic law and supporting a 
thermal theory of contact drop. 


Appendix 
CALCULATION OF TEMPERATURE RISE OF A CONTACT 


Let the line OO, Fig. 6, indicate a section of the 
face of one electrode, and let A A be a diameter of 


EiGe6 


contact spot, assumed circular. Then one-half of the 
ohmic drop across the contact will occur between the 
circle A A and the rest of the electrode. It will make 
the calculation easier and introduce only a small error 


E 
if we assume that the voltage ere is applied not at the 


circle A A, but between a hemisphere constructed on 
A A, and the rest of the electrode. Let the radius of 
this sphere be a. 


? 


The potential at the surface of this sphere is 5 


and within the electrode at a distance r from the center 
of this sphere the potential will be 
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Letting k be the heat conductivity of the material 
and T the temperature at any point, the heat flowing 
into the shell from the inner surface will be per sec., 


Ow 
ak ae 7 ( —) calories /sec. (6) 


The heat flowing out of the shell from the outer surface 
will be 


k2 dr)? ( or ) 7 
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In the steady state, (5) = (7) — (6), hence 
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Hence, dividing by dr and passing to limit, 
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Integrating with the boundary condition 7 = 0 and 
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RELATIVITY IN OBLIQUE 
COORDINATES 


During the past three years Professor Vladimir 
Karapetoff has given talks on “Straight-Line Rela- 
tivity in Oblique Coordinates” before several Institute 
Sections, as well as at some conventions of other socie- 
ties, and has demonstrated his “‘blue and red” mechani- 
cal model of Einstein’s fundamental relations. Insti- 
tute members and readers of the JOURNAL will be inter- 
ested to know that an article by Professor Karapetoff, 
containing a detailed elementary theory of restricted 
relativity in his oblique coordinates and a description 
of the model, has appeared in the August issue of the 
Journal of the Optical Society of America. Professor 
F. K. Richtmyer, Cornell University, Ithaca, N. Y., 
is the Business Manager of the Journal; the price of 
single issues, as long as they last, is 60 cents. 
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ELECTRICITY TO KEEP TRAINS 
SAFE 


Making 7770 miles of railway in the United States 
safe against train collisions is no trivial task The 
accomplishment, as announced by the Interstate 
Commerce Commission July 28, marks the progress of 
the first quarter century of automatic train control in 
this country. This announcement registers the fact 
that after many years of heartbreaking experiment 
with all sorts of strange devices for stopping trains 
from running into danger, electricity has proved the 
only agency whereby this can do it. Hence the Com- 
mission has now given approval for train control 
schemes protecting 7770 track miles. How fast the 
Commission may order the rest of the country’s mileage 
under automatic train control remains to be seen. 

Most of the automatic control and stop devices in 
service consist of a magnet, about rail high, beside the 
track at the point where it enters each signal block. 
Suspended from each locomotive is another type of 
magnet. When they pass, a flash of electric current 
opens arelay which actuates an air mechanism in the 
engineer’s cab so as to set the brakes at once and bring 
the train to a stop. 

It is provided that the engineer can forestall this 
brake setting by touching a button or small lever as 
his engine passes over each of the track magnets. He 
must, therefore, be alert at all times or his train will 
be taken out of his hands and brought to a standstill 
whether or not there is immediate danger ahead. This 
is electricity’s guarantee that train operation in the 
future will be safer. 

In 1914 the first permanent installation of a device 
to stop trains automatically was made on the Chicago 
& Eastern Illinois which runs south out of Chicago. 
Since then a vast amount of study and test has produced 
four or five general types which are now in use. Some 
exercise only intermittent control over trains operating 
only at given. points. Others are continuous. Some 
merely apply brakes once, so as to bring a train to a 
stop with what is known as a “service” or ordinary 
application of air. Others begin by slowing down a 
train at one point, setting the brakes up tighter if the 
train passes another point and finally clamping down the 
shoes for an “emergency” stop. 

Nearly all of them operate in connection with the 
block signal system. Since electric block signals, after 
long years of use, have proved that they fail only once 
in 40 million operations, the attached train control 
device is not going to suffer much instability by reason 
of signal system failure. But none of the devices that 
have been approved are considered beyond the possi- 
bility of improvement. Thus the 7770 miles of track 
and the 3700 engines equipped with the new appliances 
are considered a vast experimental laboratory to pre- 
vent many wrecks and save many lives while loading 
up to a closer approach to perfection in automatic 
train control. 


Measurement of Transients by the 
Lichtenberg Figures 


BY K B. McKACHRON* 


Member, A. I. E. E. 


Synopsis.—The paper gives the results of a comprehensive study 
of the effect of transients on the size and appearance of Lichtenberg 
figures. Sixteen different rates of voltage rise were used, varying 
from about 20 minutes to 0.1 microsecond to reach a crest value of 
25 kv. Results were obtained with transients the crest voltages 
of which ranged from 5 to 25 kv. The steeper wave fronts were 
checked with the Dufour cathode-ray oscillograph. 

Calibration curves are given, showing that the positive figures 


are not much affected by changes in wave front, while the negative 
figures vary considerably with changes in wave front, especially 
at the lower voltages. 

The positive figures are divided into three types according to 
their appearance which is found to depend on the rate of voltage 
rise. Itis concluded that for most conditions the size of the positive 
figures will give a determination of the crest voltage of the applied 
transient to within approximately 25 per cent. 


NTIL the cathode-ray oscillograph was. applied 
U to the measurement of transient phenomena, 
engineers were unable to determine accurately 
by experiment the form of a transient voltage or current, 
the wave front of which occupied only a few millionths 
of a second of time. Such transients may occur on 
transmission or distribution circuits during periods of 
disturbance,—as, for instance, during a lightning 
storm,—and may cause considerable damage to unpro- 
tected apparatus. 

Although the cathode-ray oscillograph can be ar- 
ranged to show the volt-time, ampere-time or volt- 
ampere relations, yet there is need of a device which may 
be used to record these disturbances with fair accuracy 
at the same time involving a small amount of equipment 
so that a large number of them can be spread over the 
systems of the country at a comparatively small cost. 


LICHTENBERG FIGURES 


If a sheet of insulating material, such as hard rubber 
or glass, is placed on a metal sheet and an electrode of 
any shape is allowed to rest on the upper surface of the 
insulating material, a Lichtenberg figure will be formed 
by the application of voltage between the electrode and 
the metal sheet. The figure may be made visible by 
the use of chalk dust which may be applied to the in- 
sulating surface before or soon after the application of 
voltage. A permanent photographic record of the 
figures can be made by placing a photographic film 
between the electrode and the insulating plate with 
the emulsion side in contact with the electrode. 


A large amount of work has been done with these 
figures in the effort to discover their exact meaning 
and the variables which control the figures. Among 
those who have experimented with them may be 
mentioned P. O. Pederson!, Toepler?, Przibram’, 
and others‘, all of whom have made notable contribu- 
tion to the solution of the problem of the proper under- 
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standing of the Lichtenberg figures. Peters’ applied 
the Lichtenberg figures to the study of transmission 
line transients, and suggested means for making 
connections to the transmission line to determine 
supplementary information about the transient. In 
order that the surges might be recorded with respect 
to time, Peters made use of a moving electrode, the 
complete instrument being termed the klydonograph. 

Cox and Legg® later described some of the results 
obtained on transmission systems by using the revolving 
electrode type and described an improved klydonograph 
which made use of a roll film. As a result of tests 
with the klydonograph, Cox and Legg concluded that 
the relation between the size of figure and crest value 
of the transient was not appreciably influenced by the 
wave front between the limits represented by a 25- 
cycle wave and a wave whose crest is reached in 5 
microseconds. 


All investigators have found that the positive and 
negative figures were different in appearance and that 
when the electrode was positive a larger figure was 
formed than when the electrode was negative. At 
times the figures are complicated by tree-like growths 
which have been ascribed by some to over-loading the 
film, but this does not always seem to be the case as 
they are sometimes found at lower crest voltage than 
that which at other times does not produce them. 
In the practical interpretation of the figures, it seems 
to be necessary to neglect these effects until their 
meaning is known. 


EFFECT OF WAVE FRONT 


The author is not aware of any systematic work that 
has been done having for its object the calibration of 
the figures with respect to the form of the voltage 
transient. Up to the present time, the figure has been 
regarded as not being much affected by rate of voltage 
application and therefore the present investigation was 
undertaken to determine, if possible, the relation be- 
tween the size of the figure and the rate of voltage 
application, as well as the crest value. 

A transient, such as that shown in Fig. 1, consists of 
three major parts; the front, and the part we may call 
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the body for want of a better name, and the tail. In 
the simple wave of this kind, presumably each of these 
parts may play a role in the production of the Lichten- 
berg figure. The investigation to be described in this 
paper is concerned altogether with the front of the 
wave, as the rate of voltage rise and the crest value of 
voltage appear to be the dominant factors in determin- 
ing the characteristics and the size of the figures. 

To make the work as complete as possible, tests have 
been carried out covering a wide range of wave fronts, 
the slowest being slower probably than any ever ob- 
tained in practise, while the fastest are probably as 
fast as any that ever occur in service, being but a few 
hundred feet in length. Sixteen different wave fronts 
at five different voltages were used and, except at the 
very slowest, oscillograms were taken of each voltage 
application. Every care was taken with the shorter 
waves to eliminate the effect of reflection and to keep the 
oscillation on the wave front toa minimum. ‘This has 
been possible only through the use of the Dufour 
cathode-ray oscillograph’ the voltage dividing system 
of which was connected directly across the electrodes 
producing the Lichtenberg figures, using leads only 
two or three feet in length. 

It would have been desirable perhaps to have used 
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Traveling Wave 


Fig. 1 


a wave throughout having an initial value of de/dt 
kept constant up to the crest value of voltage; yet, with 
the steepest wave this limitation would have complicat- 
ed the test seriously without adding much to the 
practical value thereof. 


VOLTAGE AND TIME CALIBRATION 


The sphere-gap was used as the primary means of 
determining the crest value of voltage of the transient. 
With the slower waves the crest potential of which was 
reached in times longer than 10 seconds, it was possible 
to check the sphere-gap against a static voltmeter and 
also against meters located in some of the low tension 
circuits. The time for the slow waves was conveniently 
determined with a stop watch. 

Within its range, the electromagnetic oscillograph 
record gave the time calibration of the transient, the 
time being based on a 60-cycle wave recorded on the 
same film. The transients above the range of the 
electromagnetic oscillograph were recorded with the 
Dufour cathode-ray oscillograph with time scale 
calibrated by the use of a wave meter. With the type 
of circuit used, the wave front could be calculated quite 
accurately and, except for the oscillations which in 
most cases were successfully removed, the oscillograms 
checked the calculations within the experimental error 
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in practically every case except for the steepest waves 
where stray capacities become of importance. In all 
such cases, the oscillogram after being checked care- 
fully was assumed to be correct. 


CIRCUIT ARRANGEMENTS 


The slowest waves were obtained with the circuit 
given in Fig. 2 in which the condenser C was charged 
slowly by the use of a motor driven regulator connected 
in the primary of the charging transformer. The 


Transformer 
\ 


Fig. 2—ConnecTION DIAGRAM FOR SLOW Waves Usine Moror- 
Driven REGULATOR 
Time to reach crest 20 min. 55 sec. 


reduction gears were such that, for the longest wave 
front, 22 minutes were required to reach a crest value 
of 25 kv. The limit of this method was about a 12- 
second front. 

Other circuits used were similar to that shown in 
Fig. 3, in that a capacity C, was allowed to discharge in 
another capacity C.. By varying the amount of 
capacity employed, together with appropriate values 
for series resistance connected between the condensers, 
the desired changes in wave front were obtained. 
A sphere-gap was used in series between the two 
condensers for the steeper waves, while with the slower 
waves, using this type of circuit, a kenotron was con- 
nected between the two condensers and the transient 
initiated by heating the filament at the proper time. 

Considerable difficulty was experienced with the 
steepest waves in decreasing the amount of oscillation 
on the wave front. The rate of voltage rise was ex- 


60 Cycle Supply 


Dufour Oscillograph 


il] 


Fie. 3—Connection DiaGRaM FOR VOLTAGE TRANSIENTS 


Time to reach crest 1.0 sec.—0.1 microsecond 


tremely rapid, being 100 kv. per microsecond. The 
final circuit used was physically quite small with all 
connections made with conductors having a high 
uniform resistance to aid in damping out the oscilla- 
tions. Such a wave front is shown in Fig. 18. 


RESULTS—EFFECT OF CHANGES IN WAVE FRONT 

The Lichtenberg figures were taken, using a piece of 
plate glass 20.3 em. X 25.4 em., 3.8 mm. thick, with a 
cylindrical brass electrode 1 cm. in diameter in contact 
with the photographic film. The films, which were East- 
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man’s super speed portrait films, were placed on the 
glass plate with the emulsion side in contact with the 
electrode. On the reverse side of the glass plate and 
opposite the electrode was a lead foil so connected that 
the electrode and foil was of opposite polarity. The 
parts were arranged in a light-tight box with the 
electrode projecting, to which connections were con- 
veniently made, as shown in Fig. 4. 

The results are plotted in terms of the radius of the 


Electrode 


Film-. 
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Fig. 4—ARRANGEMENT OF Parts or LICHTENBERG CAMERA 


figure plotted against slope of the wave front in volts 
per microsecond for five voltages, 5.5 kv., 9 kv., 12 
kv., 17 kv., and 25 kv. (AIl voltages are crest values). 
The curves for the positive figures are given in Fig. 5 
and for the negative figures in Fig. 6. 

Notwithstanding the precautions taken to control 
all of the known variables, the plotted points show 
considerable variation which is most marked with the 
shorter waves andat 17 kv.and 25kv. For all voltages, 
the positive figures increase in size as the wave be- 
comes steeper,-until a rate of rise of between one kv. per 
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Fig. 5—VaRIATION OF Positive LicHTENBERG FIGURES FOR 
DiIrrERENT CREST VOLTAGES AND Rates oF VoutTace RIsp 


microsecond and 10 kv. per microsecond is reached. 
With wave fronts steeper than this, which corresponds 
to about a 60-cycle front, the lower voltage figures re- 
main constant in size while the 17-kv. and 25-kv. 
figures decrease somewhat at the steepest points. Fig. 
5 has been divided into three zones which are deter- 
mined from the appearance of the positive figures and 
will be discussed in connection with the different types 
of figures. 

The negative figures were less satisfactory at the slow 
rates of voltage rise than were the positive figures, it 
sometimes being difficult to separate what appeared to 
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be corona from the Lichtenberg figure. The results do 
indicate a rather abrupt increase in the size of the 
negative figure between 0.001 volts per microsecond 
and 0.01 volts per microsecond. As the voltage rises 
faster and faster, the negative figure increases in size, 
the greatest percentage change occurring with the 
lower voltages. For instance, the figure at 5.5 kv. 
increases from about 0.2 mm. to 18. mm. when the 
front changes from 0.01 volts per microsecond to 
100,000 volts per microsecond. At 9 kv. the radius 
changes from 0.5 mm. to 2.4 mm. when the wave front 
changes through a similar range. The radius at 25 kv. 


4167 Microsecond 
. Rise (60 Cycle) *~ 


RADIUS IN MM. 


= 001 01 10 
VOLTS PER MICROSECOND 


Fig. 6—VARIATION IN Size or NEGATIVE LIcHTENBERG 
Ficures For DirreERENT CREST VOLTAGES AND RATES OF 
VouLTaGcE RIsE 


shows a sudden increase for fronts steeper than 10,000 
kv. per microsecond. 

Using the curves in Figs. 5 and 6 as representing the 
average values from the data, calibration curves have 
been drawn as given in Fig. 7. These curves show 
that the average positive figures are not appreciably 
affected by wave front except for the highest voltage 
and steepest front. The variation between the slowest 
and fastest waves for the negative figures is much 
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greater than for the positive and should be considered 
when determining the voltage from a negative figure. 
At 17 kv., an increase of nearly 50 per cent takes place 
when the wave front changes from that corresponding 
to a 60-cycle wave to one which rises to 17 kv. in 0.1 
microsecond, while, for lower values of crest voltage, 
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the variation is much greater. Some idea of the wave 
front may be determined by the comparative sizes of 
the positive and negative, but there is sufficient 
variation among pictures at the same wave front to 
make such a procedure doubtful for everything except 
very approximate results. 


APPEARANCE OF THE FIGURES 


It is possible to divide the positive figures according 
to appearance into three definite type forms with respect 


Fic. 8—LicHTENBERG FicurES PRODUCED By A VERY SLOW 
Rist In Voutace (Type J—Positive Figures) 


A. PL—20519 R B. P L—20512 R 
17 kv. in 840 sec. 25 kv. in 85 sec. 


to rate'of voltage rise on the electrode. These three 
types are shown in Figs. 8, 9, and 10, type I being the 
slowest while type III represents the greatest rates of 
voltage rise. 

Type I consists of fine straight lines emanating from 


Fic. 9—LicHTEnserG Figures Propucep By A Fast TRANSIENT 
(Tyrer I]—Posittve Ficure) 
P L—20573 L—21.6 kv. in 48 microseconds 


the center and perhaps extending only partially round 
the entire electrode. The appearance is much like 
that of fine hair being blown out by some force at the 
center. As the rate of voltage rise becomes smaller, 
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both the number of hairs and their length decrease 
until, in one case with a 6-second wave at 5.5 kv. crest, 
only five hairs were found, their length varying from 7.5 
mm. to8mm. However, with a 6-minute front at the 
same crest voltage, the length of the hairs had been 
reduced to 4 mm., while the number of hairs had in- 
creased to perhaps 30 dor 40, bunched in two or three 
small tufts. Some representative type I, positive 
figures are shown in Fig. 8. 

The negative figures become smaller and smaller 
with decreasing rates of voltage rise until they dis- 
appear altogether or become so indefinite and indis- 
tinct that they cannot be measured. 

In appearance, type II figures are quite different 
from type I being characterized by crooked lines which 
are likely to have sharp turns or elbows near the ends 
and usually split or branching. Sometimes short 
projections like thorns appear, but these belong more 


A ¥ B 
Fic. 10—LicuTrenserc Figures Propucep By VERY Fast 
TRANSIENTS. (Type I/I—Positive Ficurss) 
A. P L—20607 L B. P L—20605 R 


17.8 kv. in 0.15 microsecond. 
Produced by transient shown 
in Fig. 13 


7.3 kv. in 0.1 microseconds. Pro- 
duced by transient shown in Fig. 12 


to type III than to type II. Fig. 9 shows a typical 
figure of this type. The so-called slips are quite likely - 
to have type II figures at the ends, even though the body 
of the figure is of another type. It should be noticed, 
also, that with type II figures, there is almost no cross- 
ing of lines even though the voltage was sustained for 
an appreciable length of time compared to the wave 
front. 

The figures which have been called type III exhibit 
characteristics very different from either type I or type 
II. Type III figures as shown in Fig. 10 are recognized 
by their straight radial lines, having rather broad 
bases with splits and thorns. In type III figures, 
the lines do not cross and once seen it is not difficult 
to recognize a figure of this type indicating as a rule 
waves of quite steep fronts. 

The voltage and frequency at which the three different 
types of figures are found are shown in Fig. 5 where the 
three types of figures are indicated. Some overlapping 
takes place where two types are found in the same 
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figure. At the 5.5 kv., it is interesting to note that the 
range of wave fronts over which type II figures appear 
is very small, and in fact they are not found alone at 
this voltage, always being mixed with either type I 
or type III figures. 

The negative figures undergo considerable change in 
appearance as the wave front becomes steeper, but the 
change is gradual and it is not possible, using the data 
now available to draw definite limits or to divide them 
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Fig. 11—Duvrour OsciILLoGRAM oF . TRANSIENT 


21.6 ky. in 48 microseconds. 
in Fig. 9. 


into types. In Figs. 9 and 10 representative negative 
figures are given, corresponding to the wave fronts 
shown in Figs. 11, 12 and 138. The slow negative 
waves as in Fig. 8 show a rather hazy indefinite outline 
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Fie. 12—Duvrour OsctntoGRam or TRANSIENT VOLTAGE 


RETOUCHED 


7.3 kv.in 0.1 microsecond. Corresponding to Lichtenberg Figure shown 


in Fig. 10. 


with a tendency to concentrate in tufts. These figures 
are difficult to measure and look much like photographs 
of corona. 

With steeper waves, as in Fig. 9, radial sectors of 
exposed film appear with more or less definite unexposed 
space between. Superimposed, many short crooked 
lines are frequently found not often extending beyond 
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the exposed radial portion. While this form of nega- 
tive is easier to measure than that obtained with the 
very slow waves, yet the limit of the figure is not sharply 
defined. 

Very short waves produce a negative as in Fig. 10 
in which the radial sectors are clearly defined and the 
limit of the figure is quite definite. Not only are the 
sectors more sharply defined but the width at the cir- 
cumference of the figure is reduced, the space being 
occupied by a larger number of sectors. While crooked 
lines superimposed on the figure appear frequently, 
they are often less prominent than those seen with 
slower waves as in Fig. 9. 


t 


OSCILLOGRAMS 

Three oscillograms are shown in Figs. 11, 12, and 13 
to indicate the form of waves actually applied to the 
photographic film when taking the Lichtenberg figures. 
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Fig. 13—Dutvrour OscitnoGRaM oF TRANSIENT VOLTAGE 


17.8 in 0.15 micros>conds. 
in Fig. 10. 


Corresponding to Lichtenberg Figure shown 


These oscillograms were taken with the Dufour cathode- 
ray oscillograph and show some of the wave fronts 
used in making the Lichtenberg figures shown in Figs. 
8, 9, and 10. In Fig. 11 is shown an oscillogram of 
the wave taken at the same time as film PL-20573L 
shown in Fig. 9. This film shows that the voltage 
rose to its maximum (21.6 kv.) in 48 microseconds the 
average rate of voltage rise being 450 volts per micro- 
second while the maximum rate is 1800 volts per mi- 
crosecond. ‘The film shows that the final voltage was 
attained without oscillation and that the voltage 
dropped very slowly compared to the front after 
reaching its crest. All of the waves used in this in- 
vestigation, as a rule, had long tails as compared with 
the front, so as to be sure that the tail did not disturb 
the results. , 


As the time to rise to maximum voltage was reduced, 
the difficulty of getting a smooth wave increased, but 
that a fair degree of success was finally attained is 
seen in Fig. 12. This film shows that a voltage of 
7.3 kv. was reached in 0.1 microsecond which is equiva- 
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lent to an average rate of rise of 73,000 volts in one mil- 
lionth of a second (Lichtenberg figure PL-20607L, 
Fig. 10). While some oscillations are present, their 
amplitude does not appear to be sufficient to make them 
a matter of importance. 

Another film in which a still greater rate of voltage 
rise is recorded is shown in Fig. 18. Here the average 
rate of rise of potential is 120,000 volts per microsecond. 
The Lichtenberg figure corresponding to this wave 
front is shown in Fig. 10 film PL-20605R. 

Films similar to these were taken for every voltage 
application when making Lichtenberg figures and it 
can be stated that for waves having a longer front than 
10 microseconds any oscillations which were present 
were negligible and that for the shortest waves such 
oscillations did not exceed 20 per cent of the crest 
voltage. 

It is interesting to note that when working with these 
figures the impression is gained that the presence of 
oscillations increases the distinctness and clarity of the 
figures and that this is particularly true of the negative. 
While this as yet is only an impression, yet the cleanest 
figures always were associated with the waves having 
oscillations on the wave front. 


CONCLUSIONS 


As a result of this investigation, it can be definitely 
stated that the size and appearance of both positive and 
negative Lichtenberg figures are dependent on the wave 
front as well as on the crest voltage. 

Throughout the range of wave fronts probably found 
in service, the size of the positive figure is not much 
changed by a change in wavefront only, except at 
voltages close to the upper limit of potential where a 
decrease in the size of figure is indicated with very 
abrupt fronts. 

The positive figures may be divided into three type 
forms which are partly determined by wave front and 
partly by the value of the crest voltage. It is possible 
to gain some idea of the steepness of the front from the 
appearance of the positive figure. 

The size and appearance of the negative figures are 
considerably affected by changes in wave front, the 
steepest waves always giving the largest figures. The 
percentage change with a constant crest voltage applied 
is greatest for the lower voltages. ‘The change seems 
to be great enough so that it cannot be neglected. The 
negative figures change in appearance with increasing 
steepness of wave front, but the changes are so in- 
definite that it is only possible to state that a particular 
negative figure probably represents a fast wave or a 
slow wave. 

No value is given for the possible variation in radius 
of figures with identical wave front from the average, 
although the usual variation is probably not greater 
than 25 percent. Occasionally, one will be found where 
the figure is 50 per cent or more, larger or smaller than 
the average for that particular wave. There seems 
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to be some tendency for the greatest variations to 
occur with the steepest wave fronts. 

The curves which have been given apply to apparatus 
of certain characteristics and should not be applied to 
figures taken with a different dielectric than used here 
or for other different conditions. It seems likely, 
however, that similar results will be found with other 
apparatus constants although the values would be 
different. ; 

Additional work is being done with the cathode-ray 
oscillograph in an effort to determine how the Lichten- 
berg figures grow and the reasons for the various 
characteristics which they exhibit. 

The author wishes to express his appreciation of the 
work of E. M. Duvoisin and T. Brownlee, who have 
supplied all the figures and most of the oscillograms, 
and to E. J. Wade for his valuable assistance, particu- 
larly in arranging the circuits so as to avoid oscillation. ° 
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CORRESPONDENCE 
To the. Editor: 

On page 783 of the issue of the JOURNAL of the A. I. 
EK. E. for August, 1926, there is an obituary notice of 
the late Charles E. Scribner, from which I quote as 
follows: “Mr. Scribner was a well-known electrical 
inventor, having taken out almost 500 patents during 
the course of his active service. After the death of 
Steinmetz, he was credited with. holding more patents 


‘in the electrical field than any other man, save his 


friend, Thomas A. Edison,” etc., ete. 

In the interest of accuracy, I wish to state that 
Professor Elihu Thomson, of the General Electric 
Company, has approximately 700 United States patents 
alone, most of them, of course, relating to the electrical 
field. JOHN A. Mc MANus 
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Annual Report of Committee on Electrical Machinery" 
BY B. L. BARNS, Chairman of Subcommittee on Annual Report 


To the Board of Directors: 


The activities of this committee during the past 
year have been carried out on a plan of organization 
comprising a number of subcommittees as outlined in 
Mr.'H. M. Hobart’s report to the President and Board 
of Directors on the Development of the Activities 
of the A. I. E. E. Technical Committees under date of 
January 19, 1925. This report is under consideration 
by the Committee on Technical Activities to determine 
the advisability of recommending it in whole or in part 
for all of the technical committees. The scope of the 
Electrical Machinery Committee’s activities has been 
based on the recommendation contained in a report 
made by Mr. A. W. Berresford as chairman of a Special 
Committee to Review Technical Activities of the 
A. I. E. E. under date of January 28, 1924. 


During the past year the Electrical Machinery 
Committee has been more active in standardization 
work. ‘A subcommittee on standardization has been 
organized under the chairmanship of Mr. J. C. Parker 
which is functioning in an advisory capacity to the 
Institute’s Committee on Standardization in matters 
concerning electrical machinery. The committee on 
Electrical Machinery, through a subcommittee under 
the chairmanship of Prof. V. Karapetoff, is also spon- 
soring research work affecting standardization and 
advancements in the art and is collaborating with the 
Committee on Research. 

That part of the Electrical Machinery Committee’s 
work which has resulted in the most tangible accom- 
plishments has been the procuring and reviewing of 
suitable papers on various subjects which have been 
presented under the auspices of this committee at 
the regular and regional meetings. The following 
table shows the number of papers under different 
classifications that have been presented during the year. 


Factors which affect design of electrical machinery... 5 papers 
Generator design and construction................ 8 papers 
Miotordesion and constructionn... 45.) ieee el.) 4 papers 
Transformer design and construction.............. 2 papers 

BR Oia sete cept aei eRe: aac ayn oka oncet 19 papers 


*Committee on Electrical Machinery: 


H. M. Hobart, Chairman, General Electric Co., Schenectady, N. Y. 
J.C. Parker, Vice-Chairman, Brooklyn, N. Y. 


C. A. Adams, L. L. Elden, P. M. Lincoln, 
H.C. Albrecht, G. Faccioli, A. M. MacCutcheon 
B. F. Bailey, W.4J. Foster, F. D. Newbury, 

B. L. Barns, Harold Goodwin, Jr. N. L. Pollard, 

B. A. Behrend, oils shell, : R. F. Schuchardt, 
A. C. Bunker, V. Karapetoff, C. E. Skinner, 
James Burke, A. H. Kehoe, A. Still, 


Walter M. Dann, A. E. Kennelly, R. B. Williamson. 
Presented at the Annual Convention of the A. I. EH. E., at 
White Sulphur Springs, June 21-25, 1926. 


In preparing a review of the development or advance- 
ment of the electrical machinery art one is inclined to 
turn first to those new types of machines that have 
developed and those machines which represent new 
records for high rating or size or voltage. The research 
work, whether it be mathematical, chemical, or physical, 
by which new types and high ratings are made possible 
is less spectacular but of fundamental importance. The 
enumeration of new high water marks of ratings may 
not of itself appear to be an index of an advancement 
of the art but there are often many details and problems 
involved in the successful design and manufacture of 
such machines involving real pioneer work. Nor 
is all the engineering pioneer work confined to setting 
new records of large size. If we would but examine 
them carefully we would find research and ingenuity 
written all over the smaller apparatus that we see 
about us every day and take for granted. 

It is, of course, beyond the scope of this report to 
record even briefly the solution of the many problems 


involved in the perfecting of new developments, for 


time and space would not permit, nor is such detailed 
information available for that purpose. In considering 
the remarkable things that have been accomplished 
in building huge machines we should not overlook the 
importance of the development and improvement of the 
small apparatus upon which the expansion and growth 
of the electrical industry is so largely dependent. 

Again we take a considerable measure of satisfaction 
in recording new attainments reached in higher ratings 
of machines which have been put into successful 
operation. New records have been made for large 
capacity all along the line. Larger ratings than ever 
before obtained have been built in transformers, syn- 
chronous motors, induction motors, d-c. motors, 
horizontal-shaft alternators and turbo alternators. 

The following review is classified under headings for 
convenience in preparation and reference and an at- 
tempt has been made to include under each a bibliog- 
raphy of the more important articles that have been 
published during the year. An attempt has also been 
made to cover the more important developments that 
have taken place in Europe as well as in America (the 
United States and Canada). An apology is offered if 
important articles or developments have been omitted. 
Such omissions are entirely accidental. ' 


RESEARCH 
This committee now has the following subjects under 
consideration and it is probable that as investigations 
advance sufficiently to mention definite results they will 
be described in the form of papers for presentation at 
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Institute meetings. These topics are mentioned not so 
much to record the actual progress made by the Com- 
mittee as to indicate problems of importance brought to 
the Committee’s attention. 

Effect of Altitude on the Dielectric Strength of Insula- 
tions. An investigation has been proposed to deter- 
mine whether it is desirable to draw a distinction be- 
tween apparatus that is to be used at sea level and high 
altitudes as regards the insulation tests. 

Influence of Expansion and Contraction of Conductors 
on Insulation Deterioration in Long Machines. This 
subject has already received a great deal of attention 
and some valuable experimental work has been done. 
This subject is becoming of greater importance with the 
increasing capacities of turbo alternators. Further 
investigation has been suggested as desirable. 

Surge Tests of Insulation. 
subject is being undertaken to determine whether 
it is desirable or practical to standardize a test of this 
sort on the insulation of machines that may be sub- 
jected to transient high-voltage conditions. 


Hot Spots in Cores of Alternators. Observations made 


by engineers in Europe have indicated that higher 


temperatures may be reached in the slots at the ends of a 
turbo generator core than in the slots at the center of 
the core. Manufacturers in the United States have 
reported that they have been unable, from tests made 
on machines of American make, to substantiate this 
statement. This may be due to the difference in the 
design of end windings in Europe and in America. 

Evaluation of Conventional Losses. The present 
A. I. E. E. Standards assign conventional values to 
certain losses that are known to exist. It is felt that 
methods should be devised by which these losses may be 
determined by tests so that the design and tests may 
be reduced to a more exact science and due credit 
may be given to designs that are especially meritorious 
in this respect. 

Calorimetric Method of Determining Losses in Alter- 
nators. The feasibility of determining the losses and 
efficiency of alternators by calorimetric methods which 
are based on the temperature rise of the cooling medium 
is being investigated. 

Stability of Alternators. As distribution systems 
increase in size and the use of long, high-voltage 
transmission lines is extended, the subject of stability 
of generators becomes of greater importance. A study 
of the possibility of the evaluation or definition of 
generator stability is being made so that this character- 
istic may be specified. 

Relation between Dielectric Tests on New and Used 
Machines. This subject has arisen from a considera- 
tion of recommended practise in checking the condition 
of the insulation of a machine that has been in opera- 
tion for some time. 

Non-Destructive Physical Tests on New and Used 
Insulation. Physical tests of insulation have been 
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suggested as being desirable; accordingly, the subject is 
being investigated. 


During the past year research work has been done on 
the following subjects that come within the scope of 
this committee’s activities: 

Effect of Altitude on Ratings of Electrical Machinery. 
This investigation was undertaken for the purpose of 
providing a_ satisfactory revision of the present 
A. I. E. E. rules which have been recognized as not 
being entirely satisfactory. 

Copper Eddy-Current Losses. A theoretical founda- 
tion for the calculation of no-load copper eddy-current 
losses in machines has been presented. 


Motor Band Losses. Methods of calculating losses 
in the binding bands of armatures of direct-current 
machines have been made practicable. 

Heating Curves of Electrical Machinery. A further 
study of the prediction of the heating curves of machines 
has been presented. 

Alternator Short Circuits. The calculation of the 
transient phenomena resulting from short circuits 
of the armature windings of alternators has been a 
subject of study for many years and an accurate 
method of predetermining the value of the short circuit 
current is becoming more and more important as the 
generating capacity of power systems increases from 
year to year. Two papers have been presented to the 
A. I. E. E. during the past year dealing with this subject. 
One of these papers treats the subject on the basis of 
Kirchoff’s law that the vector sum of all the currents 
at a junction is equal to zero. The other paper is 
based on the constant linkage theorem, viz: “Ina 
circuit having zero resistance the algebraic sum of the 
flux linkages of the circuit must remain constant.” 


Measurement of Stray Load Losses in Alternators. A 
paper has been presented which has suggested a different 
method of determining stray load losses than that 
specified in the present standards, and results of tests 
have been given. 

Ventilation of Turbo-Alternators. During the year 
this work has been carried forward to a conclusion by 
the use of small models. Previous calculations and 
empirical formulas have been checked so that now a 
complete solution of the complex problem of measuring 
static pressures in a fluid movingat considerable velocity 
can be successfully obtained. 

Theory of the Synchronous Induction Motor. . This 
subject has received considerable attention in Europe 
and a number of excellent treatises have been written. 


Hydrogen as a Cooling Medium. A further investi- 
gation of the problems incident to the use of hydrogen 
as a cooling medium has been undertaken. 


Characteristics of Synchronous Machines. Blondel’s 
theory of two reactions has been extended to include 
the effect of harmonics and of field excitation in the 
quadrature axis. 
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VENTILATION OF ELECTRICAL MACHINERY 


Ventilation, one of the fundamental considerations 
in the design of electrical machinery, has been a subject 
of very active study and experimentation. Because 
the design of turbo alternators involves a relatively 
greater need of a knowledge of the phenomena incident 
to the flow of gases through irregular passages, experi- 
mental work has been carried out to determine the 
forms of fans, bafflers and internal ducts which would 
give the desired cooling effect with a minimum of wind- 
age losses by introducing into new machines alternative 
ventilation schemes which were tried out when they 
came to test. In this way much valuable and accurate 
information has been obtained which has been free 
from some of the uncertainties of theoretical considera- 
tions of a very complicated problem. Nevertheless, 
considerable help has been obtained by building small 
models and testing them under laboratory conditions 
to check and verify principles that have been deduced 
by a theoretical treatment of the problem. Models 
have been constructed to represent the vent ducts 
and air passages in the stator core of a turbo alternator 
and tested to determine the drop in pressure in the 
several parts of the passage ways. In this way data 
was obtained by which close approximation can be 
made of the amount of pressure required to force a 
given quantity of air through a given machine. Other 
models have also been tested to determine the most 
efficient shapes of slot retaining wedges in stators and 
the best arrangement of spacers in the internal ventila- 
tion ducts. All of this work has contributed toward 
better designs not only of turbo alternators but also 
of other types of machines. 
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This committee’s report of last year made mention 
of an investigation into the use of hydrogen as a cooling 
medium for rotating machinery. The results of this 
have been published and this method seems to have 
many advantages that would make it desirable for 
commercial application and some operating engineers 
are looking forward to the time when it will be found 
feasible to use hydrogen for this purpose. Some of 
the new machines that are now being purchased are 
being arranged so that they may be readily adapted to 
the use of hydrogen when the problems peculiar to its 
use are finally solved. 

A few years ago the recognized need of providing 
clean air for the ventilation of machines, especially 
large capacity turbo alternators, was met by the use 
of air cleaning and air washing apparatus which took 


_air from outside the building, cleaned it, and discharged 


it outside again after it has passed through the machine, 
probably cleaner than when it came from the washer. 
This veritable throwing away of perfectly clean air 
appeared to be an uneconomical procedure and during 
the past year or more a more rational arrangement of 
a closed system has been used particularly for large 
turbo alternators. This system recirculates the same 
air, cooling it by passing it over water cooling pipes. 
The advantage of this arrangement has been recognized 
during the past year for application to other types of 
machines, it having been adopted for hydroelectric 
plants and substation equipment. The closed ventilat- 
ing system necessarily presupposes an abundance of 
cooling water at low cost. 


During the past year an ingenious arrangement has 
been devised for cooling heavy duty bearings of sub- 
station machinery where the water supply for such 
purposes is expensive. This scheme consists of a 
closed water circulating system so arranged that the 


water is cooled by the air used to ventilate the machine. 


Although for a number of years sales campaigns 
have been carried on advocating the use of small fans 
to increase the heating capacity of radiators in very 
cold weather this idea has not been applied to the 
cooling of transformers until this year. By the use of 
jets of air directed over the surfaces of self-cooled 
transformers the convection of heat has been greatly 
accelerated. This development. gives promise of many 
possibilities. 
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TESTING ELECTRICAL MACHINES 


A renewed interest has been shown in the accurate 
determination of load or stray losses of rotating ma- 
chines. The assumption that is made in the present 

A. I. E. E. Standards that the measured short circuit 
core loss is equal to the load loss is generally considered 
to be far from correct in certain types of alternators and 
there is a general desire for a more accurate method of 
determining these losses that would be suitable for 
application to commercial testing. A paper which was 
presented at the Midwinter Meeting advocated a 
method of test which was based on measuring the 
synchronous motor power input when running light 
under conditions of leading and lagging currents. The 
discussion of this paper indicated that a calorimetric 
method of measuring losses has been in use in one of the 
large factories for several years and that this method is 
being studied by others. The calorimetric method 
makes use in different ways of the observed temperature 
rise of the air passing through the machine. Since 
closed ventilating systems are being more generally 
used the determination of the losses by the measure- 
ment of the heat absorption by the air cooling equip- 
ment seems to offer a satisfactory méthod of test. 
These calorimetric methods do not, however, offer 
means of direct measurement of the so-called load losses 
but are more suitable for the determination of the total 
losses under actual load condition. This committee is 
desirous that suitable commercial test methods be 
developed for a more accurate determination of the 
efficiency of large synchronous machines than is now 
described in the A. I. E. E. Standards. 

The testing of large machines on power house settings 
such as water wheel driven alternators often involves the 
measurement of losses by the deceleration method. 
During the past year a chronographic method has been 
devised for obtaining a simultaneous record of time and 
revolutions on a paper ribbon. 
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TURBO-ALTERNATORS 


In this Committee’s report of last year, mention was 
made of a 62,500-kv-a. 1200-rev. per min. turbo 
generator which had recently been put into operation 
as the largest single-shaft unit that had been built. 
During this year two machines of this capacity but of 
1800 rev. per min. have been put into successful 
operation. The step up from 1200 rev. per min. to 
1800 rev. per min. has been made possible by the more 
skillful design of the electrical parts, a better propor- 
tioning of the mechanical parts, and more extended 
multiple ventilation. This increase in speed makes it 
possible to further extend the upper limit of rating for 
single-shaft machines to such an extent that two 
60,000-kw. units are now under construction and 75,000- 
kw., 80 per cent power factor generators are being 
considered. A machine of this rating at 1200 rev. per 
min. would present difficulties in manufacture because 
of the great weight of the rotor. Another large turbo 
alternator that was put into service the past year is 
rated 66,660 kv-a., 1500 rev. per min., 25 cycles. In 
France one of 60,000 kv-a., 1500 rev. per min., 
50 cycles, is about ready to be put into operation. 
The description of this generator in a paper presented 
before the Institute brought out in the discussion some 
interesting information on the relative design prac- 
tises in Europe and the United States. The French ma- 
chine employed deep slots in the stator core for the dual 
purpose of increasing the reactance and providing axial 
paths for ventilation. Another feature is the much 
smaller ratio between saturation and impedance am- 
pere turns than has been considered good practise in 
America. American practise has considered it neces- 
sary to maintain this ratio at near unity while European 
practise allows it to be as low as 0.5. This difference 
may possibly be accounted for by the difference in 
operating practise on the two continents. In America 
the apparent desire of the operators is to get the maxi- 
mum output from the generator throughout its period 
of life, while in Europe, it is said, a generator is usually 
operated at slightly less than its rated capacity. 
Another factor has been the general practise in Europe 
to employ voltage regulators to care for the swings in 
load and supply the necessary excitation to prevent the 
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generators from falling out of step while in the United 
States operating people have insisted upon generators 
that may be hand regulated and which are not de- 
pendent upon automatic regulation for their stability. 
It is interesting to note that designing engineers now 
predict the possibility of building machines having 
ratings of 75,000 kw., 80 per cent power factor at 
1800 rev. per min., 100,000 kv-a. at 1500 rev. per min., 
for 50 cycles and 40,000 kv-a. at 3000 rev. per min. for 
50 cycles. A 25,000-kw., 3000-rev. per min. machine 
has been built in Europe. It is the opinion of a leading 
engineer that if greater capacities than 75,000 kw. are 
demanded by the operating companies they will be 
obtained by advances in the design and materials 
applied to the four-pole generator rather than a return 
to a six-pole design. For very large units there are ad- 
vantages in the cross-compound arrangement or 
multiple-shaft design involving two or more generators. 
A unit of this type having a house generator, in addition 
to the two main generators and with a total rating of 
77,000 kw. has been completed during the past year and 
another of 80,000 kw. is under construction. An order 
has recently been placed for a two-generator unit rated 
at 90,000 kw. Triple shaft units with three generators 
of combined capacities of 160,000 kw. and 200,000 kw. 
are being considered. . 
These very high generator ratings have involved 
problems concerning mechanical stresses in the rotor 
due to centrifugal forces and deflection, insulation of the 
rotor windings and ventilation of the stator. Cen- 
trifugal stresses have been provided for by the develop- 
ment of special alloy steels. The limitations of rotor 
deflection in its relation to critical speed have been 
largely eliminated by a better knowledge of the mechan- 
ics of the problem. Whereas before this was so well 
understood it was believed that the rotor speed should 
be well below the critical speed, now the designers are 
concerned only that the normal speed must not ap- 
proach any multiple of the first critical speed. Ex- 
perience has shown that the critical speed is not 
dependent only on the weight and length of the rotor 
but that it is influenced by the type and proportions of 
the stator frame and bearing supports and the design of 
these parts offers a means of control. The very great 
pressures on the rotor winding insulation coupled with 
the expansion and contraction resulting from changes 
of temperature has necessitated the development of 
types of insulation for the end coils that will withstand 
these destructive conditions. In the matter of ventila- 
tion, schemes of providing a number of multiple paths 
have been devised to obtain the equivalent of a short 
core machine. In some cases as many as 28 parallel 
paths are provided. For the ventilation of the smaller 
generators fans mounted on the shafts inside the end 
bell housing have been used although separate motor 
driven fans would be more efficient. This arrangement 
has the advantage, however, of eliminating a separate 
auxiliary which if it failed to operate would cause the 
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removal of the generator from service. The fan 
capacity required for the very large generators has ex- 
ceeded the limit of the type that can be mounted on the 
rotor and separate fans or blowers are now a necessity. 
With well designed external blowers, having an ef- 
ficiency of 65 per cent, a saving in the total losses of the 
machine would amount to approximately 0.1 to 0.2 
per cent at rated load. On the larger machines it is 
often feasible by the use of external blowers to build 
them with smaller diameters than would be possible 
with fans on the rotor. Under such conditions 
the external blower ventilated machine may show 
an efficiency of from 0.3 to 0.4 of a per cent 
higher than the machine with fans attached to the 
rotor. Besides the better efficiency this arrangement 
affords another important advantage in that the air 
passes through the air coolers of a closed system after 
leaving the fans and before it enters the generator thus 
extracting the heat put into it by the fans. A material 
reduction in the temperature of the air entering the 
generator is obtained as compared with its temperature 
when the fans are assembled on the shaft. The closed 
ventilating system with fin-type radiator coolers is now 
being used almost universally for turbo alternators. 

During the year there have been improvements in the 
Emmet mercury turbine with resulting higher 
efficiencies. 

The 3000-kw. 3600-rev. per min., 20-stage turbine 
for operation at a steam pressure of 1200 pounds which 
was mentioned in our report of last year has been put 
into successful operation. 
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WATER-WHEEL DRIVEN ALTERNATORS 


American hydroelectric practise still favors the 
vertical shaft arrangement of alternators to such an 
extent that about 80 per cent of the water wheel 
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generators are of this type and the arrangement is more 
or less standardized with a spider or bridge spanning 
the top of the armature frame for, supporting the thrust 
bearing which carries the weight of the generator rotor 
and the water wheel runner. Two years ago several 
units were built with the thrust bearing beneath the 
revolving field and no bearing or superstructure above 
the rotor except a cover or housing. Although there 
seemed to be a number of advantages to be gained by 
this so-called umbrella type no further machines have 
been built ’til this year. A 6250-kv-a., 1881% rev. per. 
min. generator of this type is now under construction. 
One manufacturer is using a fabricated construction 
of welded steel plate to a large extent for the armature 
frames. The closed ventilation system has been 
adopted in one large water power station. 

_. During the year a rather formidable number of large 
capacity alternators both horizontal and _ vertical 
shaft have been under construction or installed and the 
following incomplete list will serve to indicate to what 
extent machines of large ratings are being used. 


vertical shaft 


3-37,500 ky-a. 12,000 volts, 120 rev. per min. 
3-18,750 ky-a. 6,600 volts, 100 rev. per min. vertical shaft 
2-29,000 ky-a. .... volts, 300 rev. per min. vertical shaft 
2-25,000 kv-a. 13,200 volts, 450 rev. per min. vertical shaft 
2-20,000 kv-a. 11,000 volts, 200 rev. per min. vertical shaft 
1-17,000 kv-a. 6,600 volts, 375 rey. per min. vertical shaft 
1-17,500 kv-a. 6,600 volts, 100 rev. per min. vertical shaft 
2-25,000 kv-a. 6,600 volts, 90 rey. per min. vertical shaft 
2-54,000 kv-a. 12,000 volts, 18714 rev. per min. vertical shaft 
2-13,500 kv-a. 6,600 volts, 277 rev. per min. vertical shaft 
4-16,000 ky-a. 11,000 volts, 133 rey. per min. vertical shaft 
3-20,000 kv-a. 11,000 volts, 330/360 rev. per min. vertical shaft 
2-15,625 kv-a. 11,450 volts, 257 rev. per min. vertical shaft 
2-25,000 kv-a. 12,000 volts, 300 rev. per min. vertical shaft 
2-18,750 kv-a. 12,000 volts, 150 rey. per min. vertical shaft 
2-15,000 kv-a. 6,600 volts, 171 rev. per min. vertical shaft 
1-21,000 ky-a. 11,000 volts, 138814 rev. per min. vertical shaft 
1-12,000 ky-a. 12,500 volts, 128144 rev. per min. vertical shaft 
1-12,000 kv-a. 2,400 volts, 250 rey. per min. vertical shaft 
8-12,500 kv-a. 14,000 volts, 100 rev. per min. vertical shaft 
2-10,600 ky-a. 12,000 volts, 120 rev. per min. vertical shaft 
2-36,000 kv-a. 6,600 volts, 100 rey. per min. vertical shaft 
2-30,000 kv-a. 6,600 volts, 112% rev. per min. vertical shaft 
2-10,000 kv-a. 6,600 volts, 180 rey. per min. vertical shaft 
2-33,000 kv-a. 11,000 volts, 360 rev. per min. horizontal 
shaft 
1-33,000 kv-a. 13,200 volts, 360 rey. per min. horizontal 
shaft 
2-25,000 kv-a. 11,000 volts, 450 rev. per min. horizontal 
shaft 
1-20,000 kv-a. 11,000 volts, 375 rey. per min. horizontal 
shaft 
1-14,444 ky-a. 6,600 volts, 600 rev. per min. horizontal 
shaft 
1-13,000 kv-a. 12,000 volts, 500 rey. per min. horizontal 
shaft 
1-13,125 kv-a. 4,400 volts, 225 rey. per min. horizontal 
shaft 


Although the 65,000-kv-a. units at Niagara Falls 
are still the largest machines that have been built, 
larger alternators have been under consideration and 
will probably be built in the near future. The manu- 
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facturers are prepared to build the following maximum 
rated water-wheel driven alternators of the vertical 
shaft type and designed to meet the usual run-away 
speed requirements: 
10,000 kv-a. 
20,000 kv-a. 
30,000 kv-a. 
55,000 kv-a. 
80,000 kv-a. 
110,000 kv-a. at 200 rev. per min. 
130,000 kv-a. at 100 rev. per min. 

The use of welded steel plate stator frames and the 
substitution of a few separate sole plates for a con- 
tinuous base ring has appreciably reduced vertical 
shaft generator weights. Comparisons of construction 
and actual weights indicate that American designs are 
at least twenty-five per cent lower than similar Euro- 
pean machines. 


The past year has set a new record in the maximum 
capacity of horizontal shaft water-wheel driven genera- 
tors. Two alternators rated 33,000 kv-a. at 360 rev. 
per min. were built in the United States for a Brazilian 
plant and a third was built for a California plant. In 
Europe a 380,000-kv-a., 500-rev. per min. horizontal 
shaft alternator has recently been built which has an 
unusual rotor construction consisting of twin rotors 
each with its pole pieces and windings mounted side 
by side on the shaft in a common armature core. This 
construction was adopted to conform with certain shop 
and transportation facilities. 

The use of automatic or remote control of 
hydroelectric units is extending. During the past 
year some 9000 kv-a. units have been put into successful 
operation being the largest yet constructed for this type 
of control. 


at 720 rev. 
at 600 rev. 
at 514 rev. 
at 400 rev. 
at 300 rev. 


per min. 
per min. 
per min. 
per min. 
per min. 
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DIESEL ENGINE DRIVEN ALTERNATORS 


There has been considerable activity during the past 
year in exploiting the use of Diesel engines as prime 
movers for stand-by plants. An installation of this 
type which is worthy of note consists of thrée 3125-kv-a, 
80 per cent power-factor, 25-cycle, 125-rev. per min. 
units for the Panama Canal which are probably the 
largest generators driven by this type of engine. 


TRANSFORMERS 


An important consideration in transformer work is 
the provision of- means of dissipating the losses with 
sufficient rapidity to keep the temperature of the trans- 
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former within safe limits. In the past this has been 
accomplished by one of four methods, viz: 

1. Air-blast, in which air is blown around and 
through the core and windings. 

2. Self-cooled, in which the heat is transferred 
from the core and coils to the casing by an oil bath and 
then dissipated principally by radiation. 

* 3. Water-cooled, in which the heat is removed from 
the oil bath by water cooling coils. 

4. Oil-cooled, in which the oil bath is circulated 
through a cooling apparatus independent of the 
transformer. 

A new method involving an old principle has gained 
much favor this year. This consists of directing jets 
of air upward and over the radiating surfaces thereby 
removing a larger part of the heat by convection than 
can be done by the natural circulation of air. Some 
very large transformers arranged for cooling by air 
jets have recently been completed. The rating of these 
oil-insulated, air-cooled distributed core type trans- 
formers is 30,000 kv-a., 220,000 volts Y, 125,000 volts Y, 
10,640 volts delta at 60 cycles and 55-deg. cent. temper- 
ature rise by resistance. 

The method in which the oil is cooled outside of the 
transformer tank is more generally used in Europe than 
in America. This year, however, some very large 
transformers arranged for this method have been 
built and installed in America. They are rated 20,000 
kv-a., 50 cycles, 72,000-Y, 11,000-volt single-phase, 
and sea water is used as the cooling medium. Although 
air-blast transformers are not used to as great an extent 
as they were many years ago there is still a demand for 
them for installation in certain localities where the 
presence of large quantities of oil is considered to be a 
fire hazard. The largest air-blast transformer yet 
built was installed this year. It was rated 18,500 kv-a., 
25 cycles, 11,800-8,300 volts three-phase and weighed 
about 43 tons. 

The largest self-cooled single-phase transformers 
ever built were completed this year. They are rated 
at 20,000 kv-a, 72,450-Y, 13,800 volts, 60 cycles. Like- 
wise the largest water-cooled transformers both in 
point of rating and physical size have been built this 
year. These are rated 28,866 kv-a., 220,000-Y, 66,000- 
Y, 10,750 volts, 60 cycles, single-phase. As will be 
noticed in the ratings of the above self-cooled and water- 
cooled transformers tertiary windings are being used 
to a large extent in large high-voltage power trans- 
formers. The tertiary windings being connected delta 
permit using the star connection for both primary and 
secondary windings. The tertiary winding also pro- 
vides a means of connecting a condenser into the 
system for transmission line voltage regulation without 
using an independent transformer where the secondary 
voltage is too high for a condenser winding. 

During the past year the largest and highest voltage 
transformers ever built in the British Empire were com- 
pleted in Canada. These are designed for a rating 
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of 25,000 kv-a., single-phase, 60 cycles, 154,000 volts 
and weigh 80 tons each. Twelve of these transformers 
were built on one ordeg. 

A German manufacturer has built the largest capacity 
transformer ever constructed. By removing the alu- 
minum windings of a 60,000-kv-a. transformer that 
had been in operation for several years and substituting 
copper windings a three-phase transformer having a 
rating of 75,000 kv-a., 110,000 volts was produced. 
This transformer is now in successful operation. 

Probably the most important development pertain- 
ing to transformer construction has been the further 
improvement of and extended use of transformers 
equipped with load ratio control or devices for changing 
taps without interrupting the load. Transformers of 
this type are being extensively used to regulate circu- 
lating currents between systems where the flow of 
energy is in either direction and where each system 
must maintain its voltage independently of the direction 
of the flow of energy. 

One of the largest units of this latter type is a three- 
phase self-cooled auto-transformer rated 36,000 kv-a., 
66,000 volts, 60 cycles. It is used as a tie between two 
60,000-volt systems. The taps are arranged to give 
10 per cent buck and10percent boostinninesteps. The , 
total weight of this transformer with operating mecha- 
nism and circuit breakers is about 73 tons. 

The electrical circuit of this unit is novel in that 
double transformation is employed to secure voltage 
control. Electrically, the unit consists of two distinct 
transformers each provided with a high-voltage and low- 
voltage winding. The high-voltage windings of each 
transformer are connected to the 66,000-volt line, one 
being connected in shunt to the line and the other in 
series to the line. The shunt transformer contains 
the necessary taps and ratio adjusters by means of which 
fractions of the low voltage winding on the shunt 
transformer can be connected to the low-voltage 
winding on the series transformer. By varying the taps 
the desired amounts of voltage either bucking or boost- 
ing can be inserted in the high-voltage line through the 
series transformer. By thus placing ratio adjusters in a 
separate low-voltage circuit the switching apparatus 
is protected from abnormal voltages which may arise in 
the high-voltage lines. 

It sometimes becomes desirable for the sake of 
greater insurance against interruption of service to 
separate the regulating function into a separate trans- 
former. An interesting example of this consists of 
banks of three single-phase, self-cooled, power trans- 
formers rated 20,000 kv-a., 12,600-13,800 volts, 60 
cycles, a three-phase, self-cooled, regulating transformer 
of 60,000 kv-a. capacity. 

Transformers having arrangements for tap changing 
under load are also being extensively used for electric 
furnace work. 

The extension of the idea of rural electrification has 
opened up a new field of design in small distribution 
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transformers for very high voltages. Some 100-kv-a., 
110,000-volt transformers have recently been built 
for this purpose. 

During the past year the largest potential trans- 
formers were built for use in America. These were 
designed for use between line and neutral of a 144,000- 
volt system. They have only one high-voltage bushing, 
the neutral being grounded to the cover. 

‘The development of successful high-voltage trans- 
formers is assisted greatly by accurate knowledge of very 
high-voltage phenomena which can be obtained only by 
experimentation at voltages much higher than the 
actual transformer potentials. During the year a study 
has been made of transformer and other high-voltage 
insulation with a 2,000,000-volt lightning generator 
for the purpose of obtaining practical information in 
designing apparatus to resist the effects of voltages 
induced in transmission lines by lightning. High- 
voltage testing sets to provide voltages as high as 
2,100,000 volts have been constructed. These consist 
of 350,000-volt transformers connected in series or in 
chains, each succeeding unit being insulated from ground 
by supporting it on insulating cylinders. 

Improvements have been made in the temperature- 
indicating devices that are being used more generally to 
check the actual operating conditions of service trans- 
formers. A model has been produced which is suitable 
for use with subway transformers. 

Of special interest to radio telephone engineers and 
enthusiasts is the development of a transformer for use 
with the ignition systems of oil heaters which success- 
fully eliminates radio interference trouble, a serious 
objection to electric ignition in these devices hereto- 
fore. This transformer is provided with an internal 
magnetic blocking filter as well as low-voltage and 
high-voltage filters. During the past year the largest 
high-voltage oil-immersed reactors were constructed 
that have ever been ‘built. They were rated 1300 
kv-a., 3000 volts for operation on a 73,000-volt, 60- 
cycle circuit. A distinctive feature of these reactors 
is that they were provided with shielding coils to prevent 
the stray magnetic field entering the steel tank and 
setting up additional losses. Air-cooled reactors have 
presented a serious difficulty due to the fact that they 
would flash over when a failure occurred on the circuit 
in which it is connected if any conducting material were 
lodged between the turns. An investigation has been 
carried out to determine a suitable insulation for the 
conductor of this type of reactor which indicates that a 
heavy asbestos covering will prevent flashovers from 
this cause. 

A new transformer connection having 100 per cent 
apparatus economy for transformation from two-phase 
to three-phase, or vice versa, has been devised which has 
been described in a paper presented to the Institute. 

Some very large single-phase transformers that are 
quite novel in certain respects have been built recently 
in Europe for 1624-cycle railway work. They have 
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three windings so arranged that power may be supplied 
from any one winding to either one or both of the other 
two. One of the two cores carries a 132,000-volt 
winding, the other carries a 66,000-volt winding and a 
15,000-volt winding is divided into four parallel sections 
on both cores. It is stated that with this arrangement 
the bus bars and oil switches are not necessary on the 
15,060-volt side. These transformers are rated 11,000 
kv-a. and the total weight including oil is 117 tons. 

A new protective device for large transformers has 
been developed in Germany which is called the Buch- 
holz Relay. The operation of this relay is based on 
the fact that practically any trouble in an oil-insulated 
transformer will create gases which rise to the surface 
A small amount of gas will cause the relay 
to operate. This relay will detect incipient troubles 
that will not,actuate a current operated device and will 
disconnect the transformer before great damage is done. 
This relay can be used where the differential relay 
scheme cannot be applied. 
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Electrical 


D-C. MACHINES 


A new record has been set in direct-current motor 
capacity by-the construction of an 8000-h. p., 40-rev. 
per min., single-armature blooming mill motor. Several 
7000-h. p. reversing mill motors have been built and the 
power for the first edging rolls to be equipped with 
electric drive is supplied by two motors of 2000 h. p. 
each. The simplicity and flexibility of speed control of 
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direct-current motors make them very desirable for 
variable speed drives and there has been considerable 
activity in the construction of large motors for steel 
mill work. ' 

A new type of armature winding has been developed 
and applied to many commercial machines. This 
winding, because of the shape of the coils, is called 
“Frogleg’”’ and is a combination of a wave winding and a 
multiple winding arranged so that the armature is cross- 
connected by the wave winding and all cross connections 
at the commutator and at the back of the armature are 
eliminated. This type of winding provides complete 
cross connection which is very desirable for good com- 
mutation. The winding is arranged so that each slot 


contains four bars, two of which are in the wave winding | 


circuit and two in the multiple winding circuit, and 
each commutator bar is connected to both circuits. 

At a recent exhibition in Europe a direct-current 
generator rated at 12,000 amperes and 5 volts was 
shown. 

The use of multiplex windings has, in general, been 
avoided due to the failure of these types to properly 
commutate in certain instances and to the uncer- 
tainty of satisfactory results. A paper has been pre- 
sented calling attention to certain rules that must be 
observed when multiplex windings are vsed. 
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FREQUENCY CHANGER SETS 

During the year a 40,000-kw. frequency changer set 
of the cascade induction motor type has been 
built and put into service and two sets of this capacity 
having both machines of the salient pole type are under 
construction, one of which is arranged with a spring 
support for the 25-cycle generator so that it may be 
used for single-phase power. A 7500-kv-a. set for 
converting from 60-cycles three-phase to 25-cycles 
single-phase is being built with the stator of the single- 
phase generator spring supported. The purpose of the 
spring support is to minimize the effect of the vibration 
incident to single-phase operation at low frequencies. 

An automatic control equipment has been arranged 
to remove the field excitation of the motor and reduce 
that of the generator of a frequency changer set when a 
disturbance occurs on the motor circuit and again 
torestore the excitation when the line voltageis normal. 
This type of control called for a special design of the 
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pole face winding to enable the motor to resynchronize 
while the generator is carrying part load at the reduced 
voltage. The benefit of this arrangement has been a 
greatly improved service due to a material reduction 
in the length of the interruptions. 


SYNCHRONOUS CONDENSERS 


Considerable advancement has been made recently 
in the design of synchronous condensers toward the re- 
duction of losses. In sizes above 5000 kv-a., the losses 
are now as low as from 1.75 per cent to 2 per cent. 
The extension of high-tension distribution systems and 
higher transmission voltages has expanded the field 
of line voltage regulation by the use of synchronous 
condensers very rapidly. The Jargest condenser ever 
built, rated at 40,000-kv-a., 600 rev. per min., was 
recently put into operation in connection with a 220-kv. 
transmission line. The important consideration of 
keeping the losses down to a minimum has resulted in a 
strong tendency toward higher speeds. A considerable 
number of machines of 25,000 kv-a. to 40,000 kv-a. 
at 600 rev. per min. and of 15,000 kv-a. at 720 rev. per 
min. have been built. The disadvantage of the noise 
at these high speeds has been overcome largely by a 
totally enclosed construction. 

An interesting development in the automatic control 
of synchronous condensers for line voltage regulation 
has been an installation of a 1000-kv-a. condenser 
provided with a voltage regulator arranged to start 
and stop on voltage indication. The condenser is at 
the end of a long transmission line and remains con- 
nected to the line through the starting tap in case of 
complete failure of power, thus providing areactancefor 
line protection when power is restored. 
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SYNCHRONOUS MOoToRS 


The past year has been marked by a further extended 
use of synchronous motors for many applications where 
induction motors have formerly been considered neces- 
sary. This extended use has been reflected in the de- 
velopment of complete lines of general purpose 
synchronous motors. The construction of a 9000-h. p., 
6600-volt motor is of particular interest because of its 
application to the main roll of a steel mill and because 
it is the largest continuous rated motor of any type to 
be applied to industrial purposes. About 11% per cent 
higher efficiency and the absence of about 4000 reactive 
kv-a. are the principal advantages obtained over a 
corresponding induction motor. ; 

Another interesting development is a single- 
phase synchronous motor as part of a motor- 
generator set for use on heavy duty electric locomotives 
to supply direct current power to the main motors of 
the locomotives. These motors are rated 1200 kv-a., 
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2300-volt, 25-cycle, single-phase for the freight locomo- 
tives, and 500 kv-a. for the smaller switching engines. 
These sets are brought up to about 80 per cent of syn- 
chronous speed by a starting motor of the repulsion 
type and then the motor is connected to the line at 
full voltage after which it quickly comes up to. full 
speed and the excitation is automatically applied by a 
relay actuated by the current induced in the field 
during the starting period. 


INDUCTION MoToRS 


No outstanding developments in the electrical design 
of general purpose induction motors have been brought 
out during the past year but the attention of designing 
engineers has been directed more particularly to the 
improvement of constructional features as relating to 
mechanical design and economical manufacture. A 
number of manufacturers have developed complete 
new lines with improved mechanical features. 


The relative merits of sleeve and ball or roller bearings 
is a subject over which there is considerable discussion 
and difference of opinion. While a few manufacturers 
‘feature ball or roller bearings exclusively, the larger 
firms are prepared to supply either type according 
to the preference of the purchaser. New lines having 
tapered roller bearings have been developed which have 
overcome the assembly difficulties that previously 
made this type of bearing appear to be impractical for 
this application. General improvements have been 
made in the construction of the sleeve type of bearings 
to overcome the oil throwing and to exclude dirt and 
dust from entering the bearing which were objectionable 
features of the older design. 


One manufacturer has adopted a fabricated construc- 
tion of the mechanical parts of induction motors to the 
exclusion of cast parts except for the end ‘bells. 
Another is using pressed steel end frames and riveted 
feet for moderate and small size motors. The motor 
manufacturers have in general retained the conventional 
casting construction for standard lines. General pur- 
pose motors having cast steel parts have been featured 
by one manufacturer while another has used the welded 
construction for large special motors. 


Improvements in the power factor characteristics of 
induction motors have been accomplished by the adop- 
tion of more precise manufacturing methods. For 
instance, a grinding process has been adopted for 
finishing the stator and rotor cores of small machines 
to obtain uniformity of air gap. The use of larger 
bearings and shafts has permitted reductions of the 
air gaps resulting in better power factor. However, 

‘there is a strong conviction among designing engineers 
that better practise in application engineering presents 
the greatest possibilities for the improvement of power 
factor conditions in general power distribution systems. 
It is particularly important to avoid over-motoring, 
i. é., Installing motors of needlessly large capacity and 


ELECTRICAL MACHINERY 


949 


operating them at low loads and consequently low 
power factor. 

The ever extending use of electric power is presenting 
new and more severe conditions affecting the insulation 
of motor windings. Improvements in insulating ma- 
terials and processes are being continually sought for the 
purpose of minimizing the destructive effects of dust, 
vibration, acid and alkaline vapors, and moisture. 
Form wound coils which are completely insulated before 
they are assembled in the slots present the least difficul- 
ties in that the interior of the coils can be completely 
filled with varnishes or compounds, but the so-called 
random wound coils in which the wires are not bonded 
together have presented a more difficult problem. 
A recent improvement in this type of winding has been 
obtained by encasing the complete end windings outside 
of the slots in a plastic insulating material. 

During the year considerable attention has been given 
to theoretical studies of the performance characteristics 
of the synchronous induction motor and the compen- 
sated induction motor which combine the power factor 
characteristics of the synchronous motor with the 
starting torque characteristics of the wound rotor in- 
duction motor. For a number of years a type of 
synchronous induction motor arranged to receive its 
excitation from an external source has been in general 
use in Europe. 

As mentioned in this committee’s report of last year 
two new types of synchronous self-excited, induction 
motors have been developed in America. Another 
type of compensated motor has been developed this 
year in Europe which uses the Leblanc principle with 
one rotor having separate windings in separate slots. 
Although the use of the self-excited synchronous in- 
duction motor is being extended in America it has not 
reached anywhere near the proportions of the use of the 
separately-excited motor in Europe. American prac- 
tise accepts the ordinary induction motor for general use 
supplemented by a relatively few synchronous machines 
for the purpose of maintaining good power factor 
conditions. 

A European manufacturer is building a complete 
line of induction motors up to 225 h.p. with centrif- 
ugal-operated starters which have the same efficiency 
and power factor characteristics as the usual wound 
rotor type. This arrangement offers greater simplicity 
of starting than the ordinary manually operated com- 
pensator or controller. Compared with this the general 
practise in America has been to avoid the use of centrif- 
ugal devices and built-in resistances in polyphase 
motors. A recent European development has been a 
line of water cooled, totally enclosed motors primarily 
for pump drives. These motors are capable of being 
rated up to 70 per cent of the rating of the open type 
frame of the same size. 

An interesting new development has been the design 


of a high-resistance squirrel-cage motor used largely 


for driving sugar centrifugal hydro extractors, ete. 
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The principal part of the load on this machine being the 
starting and stopping of a load of high inertia, it follows 
that the principal part of the losses in the motor are in 
the squirrel cage winding. The rotor of this motor 
has been designed with a high resistance section to the 
squirrel-cage winding which is built in the form of a 
fan to effectively dissipate the heat developed in the 
squirrel cage without communicating the heat to the 
rest of the motor. 

A notable step in 'arge size induction motors has been 
the building of a blooming mill motor having a con- 
tinuous rating of 8000 h. p. at 13,200 volts. This is 
the largest continuous rating at the highest voltage 
yet obtained in induction motors. 

Full voltage starting of induction motors is being 
urged by some engineers who claim for it greater effi- 
ciency, greater simplicity and lower cost, but there is 
a marked reluctance to abandon the time honored 
use of auto-transformers for reduced voltage starting. 
The so-called double squirrel-cage motors or those 
having high reactance rotor windings for full voltage 
starting or applications requiring high starting torque 
seem to be growing in popularity especially for high- 
speed ratings where the inherent reactance of the 


standard construction is low. 
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HIGH-FREQUENCY MACHINES 


During the past year a new development in high- 
frequency alternators has resulted from relatively new 
developments in the use of high-frequency power. ‘The 
successful operation of air-core induction furnaces for 
melting copper, brass and nickel, and silver alloys has 
called for the development of generators suitable for 
supplying power at about 480 cycles for one type of 
furnace and at about 2000 cycles for another type. 
Current of 2000 cycles is also used for heating long 
objects of small sections such as boiler tubes. Genera- 
tors for these purposes have been built in capacities 
up to 600 kw., single-phase, 480 cycles, and 150 kw., 
single-phase, 2000 cycles.. A further application of 
high-frequency power has been to obtan very high motor 
speeds for wood cutting and grinding operations and 
generators for three-phase power up to 420 cycles have 
been built for this purpose. These generators have 
been of the standard salient pole type, which is pre- 
ferred to the inductor type because of the better charac- 
teristics. The high speeds and large number of poles 
has necessitated some special types of windings and 
mechanical details. A consideration of the fact that 
with a limiting peripheral velocity of 15,000 feet per 
minute the pole pitch of a 2000-cycle alternator is only 
34 inch will give some idea of the limitations of the 
field structure of such an alternator. The use of two- 
pole induction motors on frequencies of from 300 
cycles to 420 cycles producing speeds of 18,000 rev. per 
min. to 25,000 rev. per min. has presented problems in 
motor construction more of the mechanical nature 
than of an electrical nature. The present limitation 
of speed is due to bearing troubles but the problem of the 
lubrication of high speed bearings is being studied with 
the hope that higher speeds can be used successfully 
if they are found desirable. 

A recent European development for obtaining high 
motor speeds for wood working machinery consists of 
a combination motor having two stators and two rotors 
which are concentric. This motor develops a speed of 
6000 rev. per min. on 50-cycle current. American 
practise has used the simpler high frequency motor 
supplied with power from frequency changer sets. 
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SYNCHRONOUS CONVERTERS 
Conditions in England have led toa careful study and 
development of motor-converters and apparent success 


has been obtained with a larger output per pole than has 
been obtained with d-c. machines in America. Ameri- 
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can practise has pinned its faith to the conventional 
six-phase synchronous converter. The largest capacity 
converter set that has been installed for heavy duty, 
1500-volt, d-c. traction service was built during the past 
year and consists of two 1500-kw. rotary converters 
connected in'series. Limitation of space available for 
the installation of a 4200-kw. synchronous converter led 
to a rather unique arrangement. It was desired that 
the transformer should be set on the base of the con- 
verter at the collector end. In order to make use of 
the space on both sides of the shaft, the transformer was 
split into two units each of half the total capacity 
and each connected six-phase and the converter was 
built with twelve collector rings for twelve-phase opera- 
tion, taking advantage of higher efficiency, smaller 
space and lower cost. This is the largest twelve- 
phase converter of which we have knowledge. 

An ingenious arrangement for obtaining a stepless 
voltage control of a direct-current power supply for 
crane motor operation has been devised by a European 
manufacturer which consists of a small three-phase 
synchronous converter which is direct connected to 
a self starting synchronous motor or booster. The 
stator of the booster is arranged so that it can be shifted 
angularly thereby varying the direct-current voltage of 
the converter from zero to plus or minus full voltage. 
The complete outfit is of small enough dimensions to be 
mounted in the crane cab. 
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INDUCTION DISK PHONOGRAPH Motor 


Further applications of induction disk motors have 
recently been made to low-power, low-speed equipment. 
These motors operate under the same principles as used 
in the customary induction-type alternating-current 
watthour-meter. The rotor consists of a conductive 
disk, through which a shifting flux is produced by 
one or more split phase electromagnetic elements. 
Eddy currents are generated in the disk and the reaction 
between the eddy currents and the flux produces the 
driving torque. 

The chief applications of induction disk motors 
heretofore have been as timing devices in demand 
meters, time switches, etc. However, a larger motor has 
now been perfected for phonograph drive and has been 
adopted by two of the most prominent phonograph 
producers. The chief advantages of this motor are 
silence, constant speed, lack of vibration and reliability. 
The rotor runs on a vertical shaft, the upper end of 
which also carries the phonograph turn table. No 
speed reducing gears are therefore necessary, the rotor 
turning at slow speed and driving the turn table 
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directly. The motor has high starting torque, giving 
it rapid acceleration. The speed is controlled by a . 
very sensitive fly-ball governor, operating through 
friction. The normal speed is 78 to 80 revolutions per 
minute, at which a torque of 6 inch ounces is produced, 
this being sufficient to drive any standard phonograph. 
The input to the motor is approximately 35 watts. 

An important advantage of this electric phonograph 
motor over the spring motor lies in the fact that the 
former supplies a constant driving torque regardless of 
the length of time it is operated, whereas the spring 
motor delivers a varying torque. The torque of the 
spring motor starts at a rather high value just after 
it has been fully wound and tapers down to a low value 
as the spring unwinds. 

The induction disk motor is desirable, of course, only 
for low power applications having a low efficiency. 
It is very reliable and silent, however, owing to its 
relatively slow speed and simple construction. 


INDUCTION VOLTAGE REGULATORS 


A new development in connection with induction 
voltage regulators has been the combination of a series 
transformer and a transfer switch with the regulator 
and so arranged that the polarity of the series trans- 
former may be reversed thereby doubling the range of 
the regulator. The cycle of operation of the combina- 
tion produces the same results as would be obtained by 
a regulator of twice the capacity. The switch is 
geared to the regulator which may be automatically 
operated. An outdoor type of. regulator has been 
developed with all the auxiliaries including current 
and potential transformers mounted within the auxil- 
lary casing. Induction regulators have been developed 
for use on 12,000-volt single-phase circuits. The noise 
of single-phase regulators has been materially reduced 
by the use of a cushion support for the regulator in its 
tank and a similar cushion between stator and rotor. 
An indicator has been developed to show the boosting or 
lowering position of the regulator rotor. 


Mercury-Arc RECTIFIER 


During the past year the mercury-arc rectifier has 
been further developed and notable improvements have 
been made particularly with regard to the automatic 
upkeep of the vacuum and to simplifying the control 
and auxiliary apparatus. This piece of apparatus 
would appear to approach the ideal for the rectification 
of alternating current in that the function is per- 
formed without transforming the energy into magnetic 
and mechanical energy with the attendant losses. 
The loss affecting the efficiency of the rectifier is the 
are drop within the tank and since the arc drop is ap- 
proximately constant the rectifier does not show as high 
efficiency at rated load as does the rotary converter 
for large low voltage capacities. For heavy duty 
traction purposes involving voltages above 600 volts 


952 


the rectifier has better efficiency characteristics. 
American manufacturers are now offering rectifier 
equipments for railway substations and industrial 
power uses that may operate in parallel with rotary 
converter or motor generator equipments and arranged 
for complete automatic operation. Rectifiers are 
usually supplied with a slightly dropping characteristic, 
which may be adjusted to match the characteristics of 
shunt wound rotary converters operating in parallel. 
Rectifiers may also be compounded in order to obtain 
voltage control; however, it-must be appreciated that 
this control will slightly lower the over-all efficiency and 
power factor of the rectifier unit. Equipment has been 
developed to include the application of automatic 
voltage regulators for maintaining constant d-c. 
voltages. A peculiar advantage of the rectifier over 
other types of converters from a commercial point of 
view is that the rating of a unit is independent of the 
frequency of the alternating current and within certain 
limits a given rectifier is suitable for operation at 
various voltages, the kilowatt capacity being greater 
the greater the d-c. voltage. While rectifiers have been 
extensively used in Europe for more than one decade, 
there are only two commercial installations in America 
which have been in commercial service for more than 
one year. A few more were added during the past 
year, and a large number of equipments are on the 
books of American manufacturers and will go into 
service this year. 

The voltage limitations of the rectifier are much 
higher than those of synchronous converters and 
motor-generator sets, for they are built in capacities as 
large as 3000 kw. at 4000 volts d-c. One 4000-volt 
plant has been in successful operation for more than two 
years on a standard gage railroad in Europe. ‘These 
capacities are characterized by very high efficiencies. 
Since the loss is due only to the resistance drop of the 
arc the efficiency is inherently higher for the higher 
voltage ratings. Other advantages which have been 
‘claimed are that there is nosynchronizing operationand 
there are no moving parts. The absence of noise and 
vibration makes the rectifier peculiarly desirable for 
substations in congested and residential districts where 
quiet operation is necessary. The successful operation 
of a rectifier depends upon maintaining almost a 
perfect vacuum and equipment is available which will 
accomplish'‘this automatically. The operation of this 
equipment is based upon the principal that the transfer 
of heat from one body to another is accomplished by 
radiation and conduction but the conduction is de- 
. pendent upon the gas pressure and is zero in an abso- 
lute vacuum. This device is called a hot wire vacuum 
gage. 

The operation of rectifiers of this type is liable to be 
interrupted by an occasional are-back which is a 
short-circuit between anodes and occurs when one or 
more anodes function temporarily as a cathode. Since 
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this occurrence causes no damage to the equipment 
except in very rare cases, the rectifiers may immediately 
be restarted by reclosing the breakers either manually 
or automatically. The cause of arcing back is being 
studied and it is hoped that this difficulty will be 
overcome. 7 
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STEAM POWER VS. WATER POWER 


Is steam power to outdistance water power for 
generating electric current in the Pacific Coast country 
where ‘‘white coal” is king? This tendency is noted 
by the Journal of Electricity in an editorial declaring 
that cheapness of oil fuel and 300-per cent advanees in 
the efficiencies of steam generating machinery during 
the past decade indicate that steam power may prove 
the more economical even in the water-powered state 
of California. Only one-third of the electric energy 
used in the state is generated by steam today, while 
hydroelectric plants produce the balance but engineers 
are prophesying the ratio may soon be reversed. 

“A majority of the hydro power sites have been or are 
being developed,” says the editorial, setting forth 
the facts of the case. “Efficiencies of 85 to 90 per cent 
of the theoretical have been obtained in waterwheels 
and there is little opportunity for improvement here. 
A cycle of comparatively dry years has placed added 


emphasis on steam plants. 


“Many of the western states abound in low-grade coal 
which can be utilized either in pulverized form, as has 
been done successfully in Washington and Colorado, 
or can be subjected to low temperature distillation 
and burned in the form of coke and gas. Even Cali- 
fornia has extensive fields of lignite, and transportation 
facilities are such that cheap coal can be .brought 
from Utah, Arizona, New Mexico or Washington. 
Whether steam will supplant hydro in supremacy is a 
debatable subject but certainly conditions ‘point to a 
decided swing of the pendulum toward steam.” 
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Notes on the Vibration of ‘Transmission- Line 


Conductors 
BY THEODORE VARNEY: 


Associate, A. I. E. E. 


Synopsis.—This paper describes tests made with a graphic 
recorder. to show the vibration of transmission-line conductors under 
various conditions of wind velocity, conductor tension and span 
length. The method of taking the records is discussed. Formulas 


are given for determining the velocity of propagation of transverse 
waves along a conductor, the wave length of a vibration, and the 
frequency of vibrations caused by “eddies” formed at a conductor 
subjected to air currents. 


Fe a wire is suspended freely between supports and is 
struck near one of the supports, a wave will run 
along the wire to the other support, be reflected and 
return to the starting point. If the supports are rigid, 
that is, possessed of infinite mass, the wave will be 
entirely reflected and it will pass back and forth until 
the viscosity of the wire damps out the wave. Witha 
decrease in the mass of the support, the amount of the 
wave energy reflected is lessened. Part of the energy 
passes into the support, either storing energy therein 
to be given back to the latter if the support is elastic, or 
becoming dissipated by the viscosity of the support. 
Assuming that the tension in the wire is constant, the 
velocity of propagation of the transverse wave is: 


eee 
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v = Velocity in feet per second 
P = Total tension in the wire 
m = Mass per ft. of wire 
w = Weight per ft. of wire in pounds 
g = Acceleration due to gravity 
The time required for the wave to travel twice the 
length of the span is the fundamental time period. 
If at the instant the first impulse reaches the starting 
point the wire is struck again, the vibration will be 
sustained. If at the instant the impulse reaches the 
second support the cable is struck again, the two crests 
meet at the center, producing anode. If the frequency 
of the exciting force is increased, the span breaks up 
into a series of nodes and loops. If resonance occurs, 
there must be a whole number of loops between sup- 
ports, provided the mass of the wire is uniform. 
The velocity remaining the same, the product of 
wave length and frequency is a constant and is equal to 
the velocity; that is, 


(1) 


When 


lf=v (2) 
Where 
1 = Twice the distance between nodes 
f = Frequency in cycles per second 
In eases where resonant vibration of conductors has 


been observed, it was traceable usually to the wind 
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blowing across the line and always at low velocities. 


_A strong wind broke up the resonant conditions and 


merely swayed the span as a whole. The vibrations 
were in a vertical plane. Resonance appeared more 
frequently in the early morning or near sundown. 
Resonance also occurred over a wide range of cable 
tensions. 

Resonance in a transmission cable is a very elusive 
thing; it begins without warning and ceases abruptly, 
and, while the conditions at the moment as regards 
temperature, wind velocity and direction may be noted, 
it is impossible to maintain or reproduce them at will. 

It was at first thought that a span vibrating with 
fixed nodes and loops would not be affected by moving 
the point of support to the first node. If this were true, 
then the behavior of a single loop could be investigated 
on a small scale, experimentally, and would afford 
means of observing the behavior of a full sized span. 
Accordingly, an attempt was made with several sizes 
of stranded cables to produce resonant vibration by 
mounting the cable transversely in an aviation wind 
tunnel. The tunnel used was 8 ft. square and the wind 
could be varied from zero to 75 mi. per hour. The 
cables were supported at the sides of the tunnel and the 
tension in the cable was varied over a wide range. 

No resonant vibrations could be produced. The 
cables vibrated rapidly with a very small amplitude, not 
over one one-hundredth or two one-hundredths of an 
inch. These small vibrations were noted by means of a 
reflecting mirror and a stroboscope and were found to 
agree fairly well with the eddy frequency. 

The meaning of the expression “eddy frequency”’ will 
be explained later. 

The probable reason why resonance and considerable 
amplitudes could not be obtained in the wind tunnel is 
that it is difficult to maintain constant wind velocities 
over the whole length of span. Moreover, upon 
further thought, it is more difficult to maintain approxi- 
mately resonant conditions over a short span than it is 
over a long one. If, to assume an example, the wind 
velocity were adjusted so as to produce one loop in an 
8-ft. span, it would require a change in wind velocity of 
100 per cent to create the next larger whole number of 
loops, that is two, in the span. Any intermediate value 
of wind velocity would not produce resonance. If, on 
the other hand, the span were 80 ft., a 10 per cent change 
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in velocity would be necessary to produce either nine 
or eleven loops in the span, while in a span 800 ft. long, 
only 1 per cent change would be necessary to produce 
99 or 101 loops in the span. 

In actual long spans of transmission lines, the nodes 
have been observed to shift back and forth in position 
with the slight changes in wind velocity, the vibrations, 
however, persisting with considerable amplitude for 
long periods of time. 

In 1921 an investigation made by E. F. Relf and E. 


Eppy ForMATION PropucED BY WIND BLOWING ON a WIRE 


Ower and covered by a report to the British Aero- 
nautical Research Committee, showed that the singing 
note produced by wires moving rapidly through the 
air corresponded with the periodic eddies produced 
behind the wire. 

When a fluid medium, such as air or water, flows past 
an obstruction in its path, eddies are produced behind 
the obstruction. If the obstruction is of symmetrical 
cross section such as a circle, the behavior of the eddies 
formed will be similar upon each side of the obstruction. 
As the fluid flows past the obstruction, the friction on 
the two sides is not exactly the same at any particular 
instant and this tends to slightly lower the velocity of 
the fluid passing on one side. The fluid on the other 
side, continuing in its normal velocity, creates a slight 
difference of pressure back of the obstruction, the lower 
pressure area being on the side where the higher velocity 
exists. This causes a flow of the fluid from the opposite 
side to fill this rarified area, and the action of the fluid 
takes the form of swirls or eddies. As this rarified area 
is restored to normal density by the inflow of the eddy, 
the velocity on that side of the wire is reduced and the 
inrush of the eddy accelerates the motion of the fluid 
on the other side and presently the eddy ceases on the 
first side and begins on the other, thereby repeating the 
cycle of events. 

The result of this alternating-eddy formation is to 
produce an alternating force on the obstruction in a 
plane at right angles to the flow of the fluid. In air- 
craft work, the obvious means to prevent the formation 
of these eddies is to “‘stream-line’’ the section of the 
obstruction, thereby allowing the air to flow down both 
sides and join at the rear edge of the section without the 
formation of these eddies. The figure shown herewith 
illustrates this eddy phenomenon. 

Experiments in both air and water were carried out 
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from which the truth of the following general expression 
was established: 
jie —~ tunetion ( as ) (3) 
Where 
f = Frequency in cycles per sec. 
V = Velocity of the medium with respect to the 
cylindrical wire 
D = Diameter of the wire 
e = Coefficient depending upon the medium, being ~ 
0.000159 for air and 0.0000122 for water 
Further investigations gave the following data; 
When 


VD Ve 
=) = OFT unetION ( aries ) equals 0.125 


150, function equals 0.150 


= 300, function equals 0.172 


600, function equals 0.185 


When 


Vs : 5 ot B 
ee ne greater than 600, function ) equals 0.185 


It will be noticed from the foregoing that function 
VN VD 
( ee ) is a constant for values of a i of 600 or 
greater. For a wind velocity of one mile per hour, the 
minimum value of D would be 0.78 in. For two miles 


per hour the minimum value of D would be 0.39 in. 
Therefore for usual transmission line conditions, a con- | 


aay 
stant value for the function ( oa ) can ~ be? iuseds 


Curves of frequency plotted against wind velocity 
become, therefore, a series of straight lines—one for 
each diameter of conductor. 

As a check upon the application of this theory, the 
following results tabulated from a long series of pains- 
taking observations upon a certain transmission line 
are of interest. The cable in this case was 1 in. diameter, 


‘weighing 0.858 lb. per ft. and was supported upon steel 


towers. 

The accompanying charts were obtained. by attaching 
one end of a string to a transmission wire and the other 
end to a light wooden block arranged to slide in a slot 
in a vertical board which was fastened to a board rest- 
ing on the ground. The lower end of this block had 
attached to it a light spring which served to keep the 
string taut and yet permitted the block, with the 
pencil attached, to move up and down in response to the 
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(See table for detailed information) 
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No. 20—Length: 8 seconds 


No. 22—Length: 8 seconds 
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No. 23—Length: 5 seconds 


RECORDS OF VIBRATION OF TRANSMISSION-LINE 
CoNDUCTORS 


(See table for detailed information) 


DATA RECORDED IN VIBRATION TESTS ON TRANSMISSION LINES 
The conductor upon which the tests were made was 1 in. in diameter, weighed 0.858 lb. per ft. and was supported upon steel towers. 


1 2 aS 4 5 6 ii 8 9 
Vibration Amplitude 
Wave Wind Eddy Frequency of Vibrations 
Velocity Velocity Frequency Recorded Recorded Loop 
Chart Span Tension (ft. per sec. (Ma PE (cy. per sec. on chart on chart Length 
No. (ft.) (1b.) calculated) Measured) calculated) (cycle per sec.) | (1/32 inches) (ft.) 
1 1200 8500 565 5.2 17.0 9.5 12 294: 
2 = “ yy? LORE 25.0 2 ee. 28 22.6 
3 iS eS se 8.0 26.0 12.5 26 22.6 
4 Me = cs 8.5 27.5 2A ad 22 12.8 
5 cs # 8.9 29.0 USieet 24 15.4 
6 My “ o 10.0 32.8 18.3 12 15.4 
7 * es id PAKO 36.0 20.0 16 13.2 
8 = 7930 545 10.0 32.8 33.0 4 8.3 
9 g 7700 538 3.5 bs as 13.0 12 2035 
10 . 7530 532 3.9 12.8 14.0 24 19.2 
iL gs i a 4.8 16.0 11.3 18 23.4 
12 = i “¢ 5.2 17.2 10.5 14 2500 
3 3 6 s 5.6 18.7 12.0 20 22.5 
14 y it s Torts 25.5 22.0 12 12.2 
15 sf ue sf 8.0 26.0 22.0 6 2k 
LG; oe ui 19.1 62.5 23.0 6 11.6 
Ly ie Zs S 21.3 69.5 22.0 18 12.3 
18 " se = 21.3 69.5 22.0 20 i is 
19 sf = 22.5 73.0 22.5 8 1238 
20 984 5600 460 3.40 11.0 14.0 2 16.4 
21 s s S 5.00 15.0 15.0 6 15.3 
22 a ef “ 5.70 19.0. 15.0 6 15.3 
23 * & a 5.90 20.0 20.0 1 L1,5 
vibrations of the transmission-line wire. The spring interference due to the fluttering of the string by the 


was attached as nearly as possible at the middle point 
of the first node from the insulator clamp. 

A wooden slide with a strip of paper attached to it 
was then moved in a direction at right angles to the 
movement of the pencil and was timed with a stop- 
watch. The device was crude but the charts afford 
a means of determining quite accurately the total 
number of vibrations produced in a certain time. 

In the cases described herein the cable was quite 
large and the vibration had sufficient force so that the 
string could be pulled quite taut without damping the 
vibrations. This prevented, to a considerable extent, 


wind. 

In other cases where the wire was smaller and the 
fluttering of the string interfered with proper results, 
a temporary platform was erected on the tower and by 
cutting off the current on the line, some charts have 


_ been obtained by attaching a pencil directly to the wire. 


The first described method has the advantage that it 
can be used on a live line and charts can be made on 
short notice, whenever the wind conditions are ob- 
served to be favorable, without taking time to cut the 
power off the line and arranging for a series of observa- 
tions. However, as noted, it is very often difficult to 
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obtain satisfactory results by this means in the case 
of small line wire. The amplitudes of the vibrations 
are obtained by measuring the charts directly. 

In the tabulations given herewith, the figures in col- 
umn 1 refer to the number of the charts as appearing on 
the reproduction of the charts themselves. The second 
column gives the length of span where these particular 
charts and observations were made. In this case, the 
supports were practically level. It will be noted that 
the observations are made upon two-span lengths. The 
third column gives the total tension in pounds in the 
span at the time of the observations. These tensions 
were calculated from the observed sags. The fourth 
column gives the theoretical velocity of propagation 
of transverse waves in the cable as described in equa- 
tion (1). 

Column 5 gives the wind velocity in miles per hour 
as noted by a portable anemometer used during the 
experiments. Column 6 gives the theoretical eddy 
frequency calculated from the size of wire and observed 
wind velocity, using equation (3). In equation (3) 
the values of V and D must be in the same units; that is, 
V is feet per second and D is diameter in feet of the 
conductor. Also, these units might be used in terms of 
inches per second and inches of diameter. 


Column 7 gives the frequency in cycles per second as 
taken directly from the charts. Column 8 gives the 
amplitude also measured directly from the chart. 
Column 9 is the calculated loop length using equation 
(2). The values of V in this equation are taken from 
column four and the values of F' are taken from column 
7. The values in column 9 obtained by this means are, 
therefore, theoretical but they check with a fair degree 
of accuracy with the actual observed distances between 
nodes at the time of the observations. 

On account of the variable character of the wind under 
most conditions, however,these node points were observed 
to shift constantly back and forth. Usually, however, 
they corresponded to values sometimes smaller and 
sometimes greater than the loop length given in column 
9. It is assumed, therefore, that the theoretical 
values given in column 9 are fair assumptions. 


Chart 8 is particularly interesting because of the 
absence of “beats” and the exact agreement between 
the eddy and observed frequency. This is interpreted 
as indicating a practically uniform wind velocity 
throughout the entire span. It is likely also that the 
time period of oscillation of the tower SSO NOE acts to 
amplify or damp the line vibration. 


A device at the support which has a period corre- 
sponding to a certain proportion of the natural period of 
the conductor will act as a damper. Such a damper 
having a period of about seven cycles per second would 
probably be effective in greatly reducing the amplitude 
of vibrations in the conductor throughout the range of 
wind velocities noted in the case described herein. 

It is reported that the device recently described in 
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the technical press? by Mr. G. H. Stockbridge, of Los 
Angeles, California, has been found effective. Further 
investigations on transmission lines in service are at 
present going on. 


The writer is indebted for various courtesies and 
assistance in obtaining the data described in these 
notes from Capt. Wm. McEntee and Dr. A. F. Zahm 
of the United States Navy Yard, Washington, D. C.; 
Mr. H. A. Barre and Mr. H. Michener of the Southern 
California Edison Co., Los Angeles, Calif; Mr. A. E. 
Silver, Electrical Engineer, Electric Bond & Share 
Company, New York and to Messrs. M. E. Noyes, 
J. P. King, Walter Hays and C. B. Owen, Aluminum 
Company of America. 


HYDROELECTRIC DEVELOPMENT 
IN FRANCE RETARDED 


France has water-power resources which, under satis- 
factory conditions, are capable of producing the electric 
energy necessary for its economic advancement. A 
serious effort has been made to utilize these valuable 
natural resources, but unfavorable conditions for some 
years have impeded such efforts, and recent statistics 
on electric development show a marked decrease as 
compared with expected results. Although construc- 
tion works begun during or subsequent to 1916 have 
been steadily continued and improvements have been 
made to the installations already in use, the carrying 
out of the greater part of new projects, for which 
plans were completed at the beginning of 1924, have 
been indefinitely postponed. 


The average amount of current supplied by French 
hydroelectric plants during the period 1922 to 1924, in- 
clusive, increased from 658,560 to 1,263,260 kilowatts, 
but the increase registered for 1925 was only about 
50,000 kilowatts, and even this greatly slackened rate 
will probably not be maintained in 1926. This stagna- 
tion is not caused by decreased demand for additional 
current, for consumption of electric current steadily in- 
creases. During the past year there has been a ten- 
dency to meet this demand by the enlarging or erection 
of fuel power plants rather than by the installation of 
hydroelectric plants. The result is that three-fourths 
of .the electric current furnished to consumers in 
France by the entire system of electric distributing sta- 
tions is supplied by fuel power plants. 

Lack of finance is the chief cause of this condition. 
The Government has made a careful survey of the elec- 
tric power resources and has reached the conclusion 
that systematic construction and installation should 
be inaugurated and future development promoted. 
Special legislation and financial enactments are now 
pending which are intended to rectify the present situ- 
ation by providing sources of revenue and foundations 
for loans. 


2. Electrical World, December 26, 1925, p. 1304. 
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more recent 


A most interesting part of the paper is a summary and analysis 


overhead and underground electricity transmission developments 
in Europe and is intended to convey a general idea of the status 
of that art in some of the European countries. 

No attempt has been made to include all the recent high-tension 
lines in the countries touched upon, but those included are typical 


of the recent report of the Weir Commission of England recommend- 
ing a policy with regard to superpower development in that country. 
This report covers a program extending to 1940 and proposes a 
plan of interconnection and base-load plant construction intended 
to tie together practically all parts of England. 

* 


eu pe ay te? 


GENERAL 


of the work being done and the voltages in use. 
CONSIDERABLE amount of electrical plant 
construction has been going on in Europe during 

the last five years to meet increases in power de- 

mand, resulting principally from industrial growth. 

Water-power has been developed wherever possible, 
but regardless of high fuel cost and uncertainty as to 
fuel supply, steam plants have been necessary in cer- 
tain areas. 

Recent statistics indicate that the electricity con- 
sumption per capita in some of the European countries 
is higher than in the United States, but such statistics 
are confusing and do not present a true picture of 
electrical progress, except where industrial and do- 
mestic consumption are separately shown. This point 
is clearly brought out by considering the total unit 
consumption in certain mining and industrial communi- 
ties where it amounts to 50,000 watts or more per 
capita, but with relatively low domestic consumption. 

A good deal of work must be done to educate the 
public to a greater use of electrical energy, and growth 
of domestic load in Europe should, therefore, be slower 
than in American communities which are being ener- 
getically exploited. 

Although there are wide variations in climatic and 
topographical conditions, government regulations, and 
engineering points of view in Europe, there seems to 
have been produced in the different countries, types of 
line construction well suited to local conditions. 

There is considerable diversity in the design of 
transmission line supports which, in general, are some- 
what more flexible than the usual American designs; 
while spans are shorter, with relatively higher safety 
factors in conductors. 


SWEDEN 
As the distances over which power has to be trans- 
mitted in the European countries are relatively shorter, 


1. Whitehall Securities Corporation, Ltd., London, England. 
Presented at the Regional Meeting of District No. 1 of the 
A. I. EL. E., Niagara Falls, N. Y., May 26-28, 1926. 


such extensive transmission line networks as those 
which have been developed in the United States, and 
Canada, are not found. 

The Swedish State Lines, planned by the Royal 
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Fig. 1—Typr or STanDARD STEEL Support For Two 200-Kv., 
THREE-PHASE CIRCUITS 


(TROLLHATTAN-VASTERAS LINE or SwepisH Strate Powzr 
SYSTEM) 


Height of support above ground 52.5 ft. (16 m.) approx. 
Distance between mast centers 39.4 ft. (12 m.) 
Conductor spacing 19.7 ft. (6 m.) 
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Fie. 2—Type or Stee, ANcHoR STRUCTUREF OR Two 220-Kv., 
THREE-PHASE CIRCUITS 


(TROLLHATTAN-VASTERAS LINE or SwepisH State’ PowErR 
SysTEM) 


Height of support above ground 52.5 ft. (6 m.) approx. 
Distance between mast centers 39.4 ft. (12 m.) 
Conductor spacing 19.7 ft. (6m.) 


Board of Water Falls, are perhaps an exception to this 
general statement, as these lines form the nucleus of an 
extensive future superpower system designed to work at 
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220 kv.; but those built to date will be operated at 
a reduced voltage until the higher voltage is required. 

Two types of towers used in the construction of 
the Western Trunk Line of the Swedish State System 
between Trollhattan and Vasteras are shown in Figs. 
land 2. 


ITALY 


Italy shares with Switzerland the run-off from the 
Swiss-Italian Alps, which provides an abundant source 
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XXX 


Fig. 3—T ype oF STANDARD STEEL TOWER FOR ONE 125-Kv., 
THREE-PHASE CIRCUIT 


(Temu-CepreGcoto LINE or THE Soc. Gen. ELLETTA DELL 


*>ADAMELLO) 


of water-power, and here, as well as in Switzerland, 
rapid progress has been made in hydroelectric develop- 
ment and transmission lines. 


Fig. 4—Typp or STANDARD STEEL TownrR FoR ONE 130-Ky., 
THREE-PHASE CIRCUIT 


(Reeeto-Eminia Line or THE Soc. Exierra. INTERREGUIALE 
CISALPINA) 


69 ft. (21 m.) 
820 ft. (250 m.) 
17.5 ft. (5.3 m.) 
4800 lb. (2200 kilos) 


Height to lowest cross arm 
Average span 

Conductor spacing 

Weight of tower 


Because of the rugged topography of Northern 
Italy, transmission lines must be largely confined to 
the narrow valleys, in some of which there are as many 
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as ten parallel multicircuit lines of voltages ranging 
from 2-kv. to 180-kv. 


Fig. 5—Typr or STANDARD STEEL TOWER FOR ONE 140-Kv., 
THREE-PHASE CIRCUIT 


(Ovesca-Arquata LINE or THE Soc. Gen. ITatiana “EDISON 
DI Huerta’ Minan) 


Average span 656 ft. (200 m.) 


The types of tower used on three of the more inter- 
esting lines recently built in Italy are shown in Figs. 
3, 4, and 5. 


Fig. 6—T ype or STANDARD STEEL ToweER FOR ONE 135-Ky., 
TureEb-PHase, 50-CycLhe Crrovir anp Four 66-Ky., SINGLE- 
Puase 16-2/3-CycLEe Crrcuits ’ 


(AmstEG-IMMENSEE LINE OF THE Swiss FepperRAL Rai~ways) 


Length of line 29 mi. (47 km.) 

Average span 787 ft. (240 m.) 

Maximum span 1610 ft. (490 m.) with 620 ft. (190 m.) difference in 
elevation of supports 

Conductors aluminum steel reinforced except bronze on long spans 

Ground wire galvanized steel 


SWITZERLAND 


-The most important recently constructed trans- 
mission lines in Switzerland have been built by the 


960 


Swiss Federal Railways, in conjunction with the elec- 
trification of that system. Certain of these lines are 
jointly owned by the Federal Railways and the Swiss 
Power Transmission Co., Ltd., of Berne. 

These lines are of interest on account of the high 
single-phase voltages employed, which are 66 kv. and 
132 kv. 

The types of standard tower used on three of these 
lines are shown in Figs. 6, 7, and 8. 


Fic. 7—Tyrr or STANDARD STEEL TowsR FoR Two 132-Kyv., 
16-2/3-CycLE, SINGLE-PHASE CIRCUITS 


134 mi. (216 km.) 

Height to lowest conductor 28 ft. (8.5 m.) 

Average span 737 ft. (216 m.) 
Conductors aluminum steel reinforced. 
Insulators, suspension type, seven units. 
Ground wire, copper clad steel. 


| 


Length of line 


Fic. 8—Tyrr or Steen Tower Usep on Sranparv,/TRANS- 
MISSION Linres ror Two 66-Kv., Stnaure-PHase, 16-2/3-CycLEe 
Circuits 

(Swiss FreperAL Raitways) 


Length constructed, 155 mi. (250 km.) 
Average span, 410 ft. (125 m.) 
Conductors, stranded copper 

Ground wire, galvanized steel 
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SPAIN 
Concrete poles, Fig. 9, with concrete cross-arms 
cast integral are used on the 70-kv. lines of the Cia 
Anonima Mengemor, Spain. 
A photograph of one of the anchor towers of the 130-kv. 


BiG. 9—TYPE OF Ganeeieet iene Support on 70-Ky. Lines 


or Cra AnonimMA MENGEMOR, SPAIN 
Average span 328 ft. (100 m.) 


Albaseta - Dos Aquas line of the Sociedad Anonima 
Hidroelectrica Espanola is shown in Fig. 10. 


GERMANY 


The 100-kv. Lauta-Trattendorf line in Germany is 
worthy of serious consideration as a precedent in the 
construction of high-tension lines on public highways. 


Fic. 10—Typrpre or Stern ANncHoR Towrr on 130-Ky. 
ALBASETA-Dos Aquas LINE oF THE SocinDAD ANONIMA HyprRo- 
ELECTRICA HSPONOLA 


Average span 656 ft. (200 m.) 


While few municipal authorities would sanction the 
construction of lines of such voltages in the public 
street, the factor of safety is no doubt higher than that 
common to overhead contact wires for tramway sys- 
tems. 


A typical view of this line is shown in. Fig. 11. 


ENGLAND 


In England, with the exception of one group of 
companies in the North, which operates about 1000 mi. 
of high-tension lines, extensive overhead transmission 
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systems have not been developed. This is perhaps 
due to the wide distribution of its coal deposits which 
renders transmission less effective than in places where 
power markets are widely separated from sources of 
fuel. 

A further explanation of the relatively few over- 
head lines constructed in England is to be found in the 
well-established practise of placing power lines under- 
ground, which has to a large extent been forced by 
strict Government and Municipal regulations, and by 
the difficulty and delay experienced in securing suitable 
rights of way. 

Numerous attempts have been made in England to 
establish a policy with regard to national superpower 
developments, beginning as early as 1914. The princi- 
pal schemes have been included in reports made in 
1918 by the Electric Power Supply Committee (known 
as “The Williamson Report’’) and the report of the 
Commission appointed by the Minister of Transport 


Fig. 11—Tyre or Street Support on 100-Kv. Lauvra- 


TRATTENDORF-Moasit LINE IN GERMANY 


Height of tower, 92 ft. (28 m.) 

Height to lowest crossarm 65 ft. (19.8 m.) 

Conductor spacing (3.1 m.) 

Conductors—copper 

Insulators, two strings of six Kapp units 

Minimum clearance between line and buildings (26 m.) 


to review the national problem of the supply of electric 
energy (known as The Weir Report) which was pub- 
lished early in the year 1926. 

The scope of the report covers a period to the year 
1940 when the consumption in Great Britain, now 
growing at the rate of 19 per cent per annum, would be 
raised from the present figure of 110 units per capita 
to 500 units, the rate now obtaining in the United 
States; but it is expected that the 500-unit figure may 
be reached before that date. 

The basic recommendations of the Committee are 
as follows: 

a. To reduce to 58 in number 488 of the power 
stations in Great Britain, many of which are small 
and unsuited to generate power economically. 
The 58 stations, 28 of which would be of capital 
order and 30 of secondary order, would be designed 
to produce electrical energy at a minimum cost. 
(These 488 stations do not include 48 stations 
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owned by railway companies, and operated 
particularly for railway electrification. ) 

b. To. establish a gridiron (high-tension trans- 
mission network) for the purposes of interconnect- 
ing the 58 power stations. 

c. Provision for the output of the 58 power 
stations to be turned into the gridiron at a prede- 
termined price per unit with privilege of purchas- 
ing for local supply, at the price billed to the 
gridiron. 

d. Provision for the closing down of nearly 400 
generating plants which is expected to be brought 
about automatically as the companies operating 
them would be able to purchase power from the 
gridiron at a cost less than that of private 
generation. . 

e. Provision for the establishment in communi- 
ties, not at present supplied with electricity, for 
local authorities, who would distribute power 
purchased from the gridiron in such areas. 

f. Recommendations in favor of the standard- 
ization of frequency affecting a few of the larger 
suppliers. Subject to further investigations this 
may be undertaken at public expense at a total 
gross cost approximately £10,500,000, and a net 
cost of £8,000,000 after allowing for expenditure 
represented by useful additions to plant capacity. 

It is estimated that the total expenditure to 1940 
would extend upward to £250,000,000 and that with 
proper coordination and assistance from the Govern- 
ment, this figure is substantially less than would re- 
sult if developments were allowed to continue under 
existing conditions. 

It is further estimated that one-half of this amount 
of new money would be required in connection with the 
development of distribution systems, this portion of 
capital to be provided by local authorities, power or 
distribution companies, as at present. 

It is stated that the remaining half of the capital 
can be conveniently divided into two sections: 

First. The amount necessary to construct 
the high-tension network for bulk transmission, 
plus working capital, reserve, and interest capital- 
ized for a period of five years, at which date the 
net earnings from the gridiron would be expected 
to be sufficient to cover all obligations. 

It is estimated that the sum of £25,000,000 
would be required for gridiron expenditure at the 
end of five years from the date the scheme might 
be put into operation. 

Second. The amount necessary to provide 
local authorities, or other authorized persons 
with capital required for the erection of new cap- 
ital generating stations, or additions to present 
stations. Within certain limits capital and in-- 
terest would be guaranteed by the Government. 


The report points out the following conditions 
obtaining in Great Britain at the time of its issue. 


Average price charged to con- 
sumers for all purposes...... 

GLOSS ROVOUUCAI ee eect ee 

Revenue per £100 invested...... 

Piantunstallediyes..ce «> ierioaitn 

IMipPalanboT ORC ls 5 gaol on oe tn one 

Spanesplamtisge se weaciean es siete 68 per cent of maximum load 

Units sold per annum........... 4,016,000,000 

Units sold per head of population. 110 

Anmmialeload factor min nia ene 24.9 per cent 

Capital invested per kw. for 


2.047d. (pence) 
£34,256,000 
oe, 
3,096,535 kw. 
1,844,000 kw. 


GHOMGEAULON corre soc pn stucco) hee £23.8 
Capital invested per kw. for 

GISGFUDUBIONS Scent saeco oe that Oe £28.00) 
Total capital investment per kw. 

for generation and distribu- 

GION exc en neous ss tas iaue smey sco £52),3 


It is estimated that as a result of economies to be 
effected by the recommendations of the committee, 
the position in the year 1940, or whenever the national 
consumption has been raised to 500 units per head, 
would approximate the following: 


500 
8,135,000 kw. 
10,000,000 kw. 


WirsntstsoldsperiCanibacn.heeenieaniseutere aie 
IM ley-atadyb hoa OR KOI. acces aA eA coe nar 
Kuwer installed seman ceviche spencnters abate 


Spare: plant aacners ieee areas) 25 per cent 
UMS SOldii a wareabsnts avs, \ ease cain cores 21,385,000,000 (kw-bhr.) 
Annualloaditactonan acetates sues 30 per cent 


Total capital invested for.generation.... £127,000,000 


Capital invested for ‘‘Grid Iron’’ trans- 


FOISSIOM SUL, occ ees ot nerk Ark a £29,000,000 
Capital invested for distribution........ £243,500,000 
Moralrevenueren eens cs omic va ce ae £88,100,000 


AVeraee price PermUmMitusee.t olan cole: 1 d. (pence) or under 


Number of capital stations............ 28 
Number of secondary stations......... 30 
Rotalaumber tof stations... see «ose 58 


In the annex to Appendix I of the report there appears 
an interesting estimate of the cost of power stations 
of 133,000-kw. installed capacity, capable of meeting 
maximum load conditions of 100,000 kw., which is 
said to be based on contracts for the Barking Station 
of the County of London Electric Supply Co., Ltd., 
one of the principal superpower stations constructed 
in England to date. 


£ per kw 
SUSIACLeSOLLLOUNC albels arta ern weenie serene helene sila 0.733 
Civil engineering works, piling, wharfs, railway sidings, 
water culverts, screens and foundations........... 1.880 
Bulagines and Cha mesa meee ee arent eee ae eee 1e722 
Dimborlvernatorsian dlaccessOrnjesuaent. cme ieee aries aie 3.950 
Boilers and accessories, and ash-removal plant......... 3.464 
Switchgear and cables........ Das Ne spr ete aoe 0.683 
Step-up transformers and station auxiliaries........... 0.593 
Sai eybakecten crn ne ky) Me eee Re bares Meee oncicre Giclee ae et One 0.465 
Coal-storage equipment, consisting of cranes, locomo- 
CIVESRAMGiCATS OVER. Pee erat orthdey wats Shake heres hare 0.148 
Sundries, including batteries and charging sets, oil 
coolers and pumps, oil filter plant, auxiliary sets and 
Witla TCbin eS ance aie Seren eee ee eee 0.301 
£13 .939 
Engineering supervision, legal and incidental expendi- 
turev(ipericonb)/, .aben ten aero etna car Rene 0.697 
£14.636 


It is estimated that the average total cost of genera- 
tion per kw. on the basis of coal at 16s. (shilling) per 
ton would be 0.3456d. (pence) with an additional cap- 
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ital and operating charge on main transmission lines 
of 0.0291d. (pence) or a total of 0.3747d. (pence) per 
unit sold over the gridiron. 

Local distribution expenditure, including capital 
charges, local management and taxes, is further taken 
at 0.5000d. or 0.8747d. per unit at the distribution system, 
which is raised to 1.029d. on the basis of 85 per cent 
distribution efficiency. 

It is understood that the assumed efficiency of 85 
per cent has caused some amount of criticism. 

According to the report the average cost of 1d. per 
unit would not be a uniform price maintained through- 
out Great Britain, but would vary according to local 
generating conditions, the amount of transmission 
network involved, and the distribution expense. 

The estimated figure for Scotland is given as 1.0388d. 
per unit, and that for Central England as 1.029d. 
per unit. 

A striking feature of the report is a recommendation 
that the transmission network be owned and controlled 
by a new body created by Act of Parliament, termed 
the Central Electricity Board, which would purchase 
and dispose of energy from all of the interconnected 
stations, or alternatively charge for the use of the trans- 
mission network, or a further alternative according to 
which all generating stations would be purchased and 
the less efficient ones closed down, leaving the best 
stations to be operated by the Board, thus bringing 
all generation and transmission under the control of a 
single body. 

Objection has been raised in some quarters on the 
ground that acceptance of the latter recommendations 
might be a step toward government ownership. On 
this account an opposition movement is on foot to 
prevent the bill being passed by Parliament. 


The report is noteworthy as constituting the largest 
scheme ever proposed for the unification and extension 
of electric service for the definite purpose of reducing 
the cost of electric energy to a community. 


In general, the measure seems to be popular, and 
there is every indication that some such Bill will be 
authorized by Parliament in the near future as it 
appears to be agreed that only through the intervention 
of Government interest can such a system be brought 
into being on account of the great diversity of interests 
involved. 


The report shows typical curves of load and load 
factor, but no maps or other data are included to show 
details of the interconnecting network. 

A transmission voltage of 33 kv. seems to be con- 
sidered sufficiently high for average English-conditions, 
at present, and has been more or less standardized for 
both overhead and underground lines. Some 66-kv. 
lines have been built and still higher voltages will no 
doubt be employed if extensive electrification plans are 
adopted. 


Typical views of some of the high-tension trans- 
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mission lines recently constructed in England are “mounted in steel-socket pieces, and held rigidly in 


shown in Figs. 12, 13 and 14. place by means of high grade steel guys of large 
Fig. 15 shows the dead-end structure of a 66-kv. diameter. 
line and its junction with 66-kv., single-conductor HIGH-TENSION CAPLES 


cables leading to the transformers. . - 
Among the European power companies operating 


Fig. 12—Sremir-AncHor Townr, 66-Kv. Duwnsran-BeEp- 
LINGTON Ling NortHeast Coast Powrr Co., NEWCASTLE- 
oN-TyNE, ENGLAND 


Fig. 13—Srraicut Line Ratwway Crossine 66-Ky. DuNsTAN, 
BEDLINGTON Ling, NortHeast Coast PowEr Co., NEWCASTLE- Fig. 15—Dezap-Enp Structure or Dousite Crrecurt 66- 
on-TyNE, ENGLAND Ky. Line Suowine Junction wits 66-Kyv. Sincue Conpuctor 

CaBLes LraDING TO ‘TRANSFORMERS. NORTHEAST CoOAsT 
5 Power Co., NEWCASTLE-ON-TyNE, ENGLAND 


" G Fig. 16—Srraicgut Linz Kay Pour ror Two 11-Kv., THreer- 
Fig. 14—Tyrer or SranparpD Stent Townrr on 33-Kv. GLEn Pisce Cincume 
VaLLeEY Liner or Norta WaLes PowrrR Company ; ; 
Note telephone cable carried on messenger wire. 
Average span 330 ft. (100 m.) 


A type of steel line support which works out some- 
what cheaper than the usual type of steel tower is cable transmissions of relatively high voltage are the 
shown in Fig. 16. North East Coast Power Co., Newcastle-on-Tyne, 


This structure consists of steel-tubular members England, 66 ky., Union D’Electricité Paris, France, 
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60 kv., and Provincial Electricity Works Bloemendaal 
Holland, 55 kv. 

There is also a considerable amount of 33-kv. cable 
in operation in England. 

In Italy a 130-ky. experimental cable of the Pirelli 
type has been in operation for something over a year 
with promising results. 

One source of trouble which has been responsible 
for a considerable number of breakdowns in _ high- 


Fig. 17—THreExE-Conpucror, 50-Kv. Canute Joint or BritisH 
MANUFACTURE 


tension cable installations is the result of pressure 
differences within the sealed cable, where considerable 
difference in elevation exists. throughout a part or 
whole of its length. 

Pressure differences are created if there is any move- 
ment of compound used in the cable or its joints and 


Fig. 


50-Ky. 
Wirx]Sincie-Conpuctor TaILs AND SEALING END, or BritisH 
MANUFACTURE 


18—THREE-CoNDUCTOR, TRIFURCATING Box 


any voids caused by such movement of the insulating 
compound must necessarily weaken the insulation, 
resulting in failure. 

This has led to the development of a type of joint 
design for fillmg under pressure, which is expected to 
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ensure complete filling and to prevent voids, but the 


writer is not able to say whether or not this method 
has been successful. 

Investigations are in progress to determine the 
feasibility of constructing supertension cables in which 
a uniform potential gradient would be maintained by 
means of metallic sheathes, placed between layers of 
insulation and connected to taps in the transformer 
winding.’ 

Cables so constructed would be expected to run 
high in cost, and the splicing and sealing of the ends 
would seem to present unusual difficulties. However, 
it is not improbable that continued investigation may 
develop a cable with solid insulation for supertension 
voltages at a cost no greater than that of a steel tower 
line, particularly if there is a saving in cost of right 
of way, as might be expected in congested districts. 

A three-conductor, 50-kv. cable joint of British 
manufacture is shown in Fig. 17 and in Fig. 18 and a 


Fig. 19—Connection Diagram or CALENDER HUNTER 
Four-Conpuctor System or CuRRENT BaLAaNcED CABLE 
PROTECTION AND INTERIOR VIEW OF A SEALING END SHOWING 
PuysicaL ARRANGEMENT OF BALANCING TRANSFORMER 


50-kv. trifurcating box with its single-conductor tails 
and sealing end. 

Practically all distribution in England is accom- 
plished by means of underground cables. 

The principal distribution problem is to be found 
in the London area which is served by about 80 power 
plants. * 

A frequency of 50 cycles predominates, but there 
is considerable diversity as regards phase and voltage. 

Low-tension distribution is direct current, two- 
and three-wire, and alternating current with various 
systems of connections. Lighting voltages vary from 
100 to 240 volts, while power service voltages extend 
to something over 500 volts. Bulk supply is sold at 
high-tension voltage. 

The main feeder cables of power systems are fre- 


2. See paper by A. M. Taylor in Journ. I. E. E., London, 
England, No. 315, February, 1923. 
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quently protected by means of current balance, this 
being accomplished in various ways. In the case of 
two parallel feeders, the current in one is balanced 
against the current in the other by means of differen- 
tial relays which open the circuit-breakers upon a very 
slight difference in current value. 

Cables are in use with six conductors, three of which 
in a three-phase system are similarly balanced against 
the remaining three. 

A new form of cable specially designed for balanced 


Fig. 20—Suitsruea SUBSTATION OF THE Swiss FEDERAL 
Raitways, SHowine 66-Kyv., Sinaue-PHasE CONSTRUCTION 


protection, and which costs somewhat less than six-core 
cable, has recently been brought out. This system 
utilizes a special form of four-conductor cable in which 
two conductors have one-half of the cross-section of 
the remaining two, and current transformers of spe- 
cial design contained in the sealing ends at each end 
of the cable. These transformers function to cause a 
current to flow in a separate winding when the current 
in the different phases becomes unbalanced. The 


ie 


Fig. 21—12,000-Ky-a. Ourpoor TRANSFORMER INSTALLATION 
oF THE NorTHEAST Coast Power Co. at Dunstan, ENGLAND 


resultant current is employed to operate a relay ar- 
ranged to open the circuit breakers. 

A diagram showing the connections of the special 
balancing transformers and relay and the interior 
of one of the sealing ends is shown in Fig. 19. 


HiGH-TENSION EQUIPMENT 


Until quite recently European engineers have con- 
formed to a universal practise of placing high-tension 
equipment indoors, but with the use of larger units and 
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higher voltages, the outdoor substation is beginnnig 
to make its appearance. 

The recently constructed substations of the Swiss 
Federal Railways are outdoor type and are relatively 
simple because of the use of the single-phase system 
of power transmission and distribution to track circuits. 

A photograph of the Shilbrugg substation of the 
Swiss Federal Railways near Zurich is shown in Fig. 20. 

Fig. 21 shows a recent outdoor transformer instal- 
lation in England with its 66-kv., single-core cable 
connection. The sealing end for the 66-kv. cable may 
be seen in the foreground, bolted directly to the trans- 
former tank. 

The more prominent electrical manufacturers in 
England and on the Continent have developed complete 
lines of equipment for voltages up to 130 kv., while 
some are prepared to offer equipment for higher 
voltages. 

Lightning protection seems to have received con- 
siderable attention on the Continent. The predominat- 


Fig. 22—12,500-Kv-a., 110-12-Ky., Stnetn-Puase, WaTER- 
CooLtepD TRANSFORMER Units or British MANUFACTURE 


ing type of arrester has horn gaps in series with water 
co.umns contained in vertical porcelain receptacles, 
which are mounted on high-tension insulators. In 
some cases arresters of the electrolytic and oxide film 
types of American manufacture are used. 

Lightning protection seems to have caused very 
little concern in England. <A length of cable at the 
end of a high-voltage line is considered by many Brit- 
ish engineers to be an excellent method of lightning 
protection. 

On the Continent there seems to have been some 
fear regarding the solid grounding of high-tension 
neutrals, although the advantages of grounding are 
recognized. In some instances a compromise is re- 
sorted to, by placing a horn gap in series with the neu- 
tral-ground connection. The horn gap is set sufficiently 
close to break down if a ground occurs. 

It is almost universal practise on the Continent 
to design transformers for forced oil cooling, as this 
type of transformer costs somewhat less than the 
water-cooled type. Water-cooled transformers are, 
however, built in considerable quantities, both on the 
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Continent and in England, as they are sometimes to 


be preferred. 
Fig. 22 shows part of a group of 12—110-kv., 12,500- 


WL 


ee ee Us Zi. 

Fie. 23—Porrion or 33-Ky., JIron-Ciap SwircHGEAR 
INSTALLED AT BARKING STATION OF THE CouNTY or LONDON 
Evectriciry Suppity Co. 


(On back of Photo) 


Showing one-quarter of the ultimate switchgear. In the foreground is 
seen the sealing off of the end of the busbars and the tail end of the vent pipe 
leading down through the floor to the outside of the building, but in this 
case the drawout portion of the main oil circuit breaker is shown removed 
and susperided above its panel. The operation is interlocked with the 
crane to ensure that all conductors are dead before it commences. 


Fig. 24—Hanp-OPERATED, 


ARMOR-CLAD, 
Draw-Ovut Typr Ferprer Pruuar FOR INDUSTRIAL AND MINING 
SERVICE 


FLAME-PRooF, 


Circuit breaker tank opened for inspection 
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kv-a. single-phase water-cooled transformers recently 
built in England for shipment to India. 

There have been developed in England very complete 
designs of fully enclosed, or co-called “Armour clad” 
switchgear, for voltages as high as 338 kv. 


Fic. 25—E.ecrricALLy-OPERATED, ARMOUR-CLAD SWITCH- 
Gear or Draw-Ovut Type ror Power SratTion SERVICE, 
500,000 Arc Ky-a. Ruprurina CAPAcITY 


Fig. 26—ELECTRICALLY-OPERATED, ARMOUR-CLAD SWITCH- 
GEAR OF THE Drop Tank Type oF 250,000 Arc Ky-a. Ruprur- 
ING Capacity INSTALLED aT TaLBotT Roap PowegrR STATION, 
NorrincHaM, ENGLAND . 
= When circuit breaker is open tank may be lowered for inspection by 


means of the crank shown in the foreground. During the lowering process 
all leads are disconnected and live parts protected automatically. 


? 
4 


27—Spir-ConTaineD, ARMOUR-CLAD DiIsTRIBUTION 
SUBSTATION OF British MANUFACTURE 


Fia. 


The recent switchgear installation at the Barking 
Station of the County of London Electricity Supply 
Co. introduces one of the most modern developments 
of this type of gear, which is designed for an operating 
voltage of 33 kv. and rupturing capacity of 1,500,000 
are-kvy-a. 
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Fig. 23 shows one quarter of this gear in place, with 
one of the circuit breakers withdrawn. In the fore- 
ground may be seen the sealing ends of the compound- 
filled busbar components and the gas-vent pipes leading 
through the floor to the outside of the building. 

One of the features of the Barking Station gear is 
the very complete system of interlocks, which has 
been developed to such a point that it is practically 
impossible to perform any switching operation in the 
wrong sequence. To make the system fully complete 
each section is interlocked with the crane so that no 
circuit-breaker mechanism can be removed from its 
position until all connections have been made dead. 
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This type of gear has been extensively developed 
to cover all classes of power, mining and industrial 
requirements. 

Three examples of anchor-clad switchgear are shown 
in Figs. 24, 25 and 26. 

A complete armour-clad substation containing high- 
tension switches, distribution transformer and low- 
tension fuses is shown in Fig. 27. 


CONCLUSION 


The writer wishes to express his appreciation to all 
who furnished or assisted in securing information or 
illustrations contained in this paper. 


Automatic and Supervisory Control of Hydro- 


electric Generating Stations 
BY FRANK V. SMITH: 


Associate 


Synopsis.—The paper describes the application of automatic 
equipment and supervisory control to a number of interesting 
hydroelectric installations. 

A brief description is first given of the operation of standard 
equipment, the function performed by it and the protective measures 
provided. Then several typical stations involving single units, 
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multiple units, self-synchronizing and automatic synchronizing 
are described, together with some test results of the current surges 
occurring during the starting operations. The paper closes with 
some comments on the high-speed, synchronous relay type of super- 


visory control and remote metering. 


GENERAL 


HE installation of hydroelectric stations equipped 

with automatic or supervisory control has become 

so widespread that it may not be out of place, at 
this time, to review some of the more interesting appli- 
cations in order to show the variety of problems con- 
fronting the switchboard engineer and the methods of 
handling them. A brief description will be given of the 
scheme of control that has become more or less stand- 
ardized for this type of station and then an analysis 
of several installations. 

In general, the equipment is either entirely automatic 
or operated by means of supervisory control from a 
remote point, the latter scheme becoming more and 
more popular because of its greater flexibility. 

The simplest kind of supervisory control, known as 
the Audible Type, is used because of the limited number 
of operations that have to be performed and the call of 
economy. Only two wires are necessary for this type. 
A standard telephone, together with a box containing a 
number of line keys and a dial, similar to that used in 
automatic telephone equipment, is required at the 
dispatching point and a relay cabinet at the generator 
end. Any number of stations up to ten can be controlled 
with the same pair of wires looping through them. If 

1. Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa. 


Presented at the Regional Meeting of District No. 1 of the 
A. I. HE. E., Niagara Falls, N. Y., May 26-28, 1926. 


separate lines are run out radially from the dispatcher, 
a key is required for each line to connect it to the 
supervisory equipment. 

Every number dialed sends a train of impulses over 
the line which, by means of rotary selector switches, 
perform a certain operation in the distant station and 
an answer back is received through the telephone (or 
loud speaker) in the form of a number of busses of dif- 
ferent tones, the indication being repeated until 
another number is dialed or the line disconnected. 
Fig. 1 shows the complete equipment with the exception 
of the telephone. At the right is the dispatcher’s box 
with dial and on the left the relay cabinet installed in the 
remote station. The microphone with low- and high- 
tone buzzers can be clearly seen while at the extreme 
left are the rotary switches. A battery of 16 volts is 
required at the generating station while 110 volts is 
generally used at the dispatcher’s end. 


The first operation is to connect the correct station 
to the supervisory control. This is done by throwing 
the line key and dialing the number of the station 
desired—perhaps No. 8. A selector switch then operates 
in each station stepping to Point 3. This is so arranged 
that when it stops on any point other than the number 
of its own station, it sets up a lock-out which prevents 
further action; but at No. 3 it operates another rotary 
switch that completes a circuit to a buzzer three times 
every revolution giving three buzzes in the telephone 
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which are repeated until the circuit is interrupted from 
the dispatching station by further dialing. 

The next operation may be to determine the head of 
water in the forebay. The maximum variation in 
head is divided into 10 parts with a float switch making 
contact as it moves over the range and these points are 
connected to a similar rotary switch so that on checking 
water head a number of buzzes are heard indicating the 
point on the scale at which the float stands. 

The dialing of another number will set the master 
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relay in the station in operation and the unit will start 
up and put itself on the line. In stations which are 
entirely automatic, this master element is energized by 
such a device as a time clock, frequency relay, float 
switch or something of the kind which starts the 
machine when certain predetermined conditions exist. 
In general the automatic equipment is arranged to 
perform the following functions: 
‘a. Start the unit, provided normal conditions exist, 
upon the operation of the master-starting element 
b. Stop the unit by means of the master element 
ce. Protect against generator overvoltage 
d. Protect against motoring of the generator 
e. Prevent the opening of the line circuit breaker 
on short time periods of low a-c. voltage 
f. Protect against discharge of the battery. Bat- 
tery control with automatic means for charging is the 
most reliable method available because of its complete 
independence from the a-c. system with its occasional 
voltage dips. 
g. Shut-down the unit temporarily if: 
1. The line is short-circuited or overloaded 
to a point that the machine voltage drops below 
80 per cent of normal for several seconds 
2. The machine windings tend to overheat 
3. The unit overspeeds 
4. The unit is caused to operate on a reverse, 
single or badly unbalanced phase line. 
h. Shut-down and lock-out the unit if: 
1. A bearing overheats 
2. The generator field fails 
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3. The oil pressure in the governor falls below a 
safe value 
4. The differential relays operate 

i. On normal shut-down, the oil circuit breaker and 
field contactor are prevented from opening until the 
gates reach the no-load running position. This gradually 
transfers load to other units on the system and prevents 
sudden dropping of load on the automatic generator. 

j. Prevent the generator from starting if: 

1. The unit has been locked out by any func- 
tion under h 

2. Conditions as listed under g have not been 
righted 

The unit may be provided with a periodic relay so 
arranged that in event of its being shut-down tempor- 
arily as under g it will attempt to start only a pre- 
determined number of times and then lock itself out. 

The items listed under h represent serious troubles 
in the machine and operate an annunciator lock-out 
relay which has a series of targets, one for each device, 
and tells at a glance the cause of the shut-down. 

Where supervisory control is used, a warning signal 
is sounded in the dispatching station whereupon the 
cause of the trouble can be checked and the station 
started again if it is of a minor nature. 


SINGLE UNIT STATIONS 


One of the most interesting cases of the application 
of this type of control is to be found on a property of the 
Interstate Public Service Company in the Middle West. 
Here there is an old barge canal on which are located 
five hydroelectric stations each containing one vertical 

Lock No.1 (Plant No.6) 
Turbine: 200 Hp. 


Generator : 160 Kv-a. 


Lock No.2 (Plant No.5) 
Turbine: 310 Hp. 
it, Generator: 250 Kv-a. 


Lock No.3 


Central (Plant No.4) Turbine :400 Hp. 
Generator: 320 Kv-a. 
also Steam Station 


= ge Present Canal Level 
= tobe Lowered =| 
| 


Mc Carn’s Mill (Plant No.3) 
Turbine : 150 Hp, 
Generator: 150 Kv-a. 
Lower (Plant No. 2) 


Turbine 620 Hp. 
Generator. 500 Kv-a. 


Fic. 2—InrerstaTE Pusiic Service Company CANAL PROFILE 


generator. These are known as plants No. 2, 3, 4, 5 and 
6 stretched over a canal length of about four miles with 
machines rated at 500, 150, 312, 250 and 150 kv-a. 
respectively. Plant No. 4 is the Central Plant and is 
used as the dispatching point, as a steam station is also 
located close to the canal and operators are therefore 
nearby. All machines generate at 2400 volts and are 
tied together and to the rest of the system with a trans- 
mission line at this voltage. Each machine has a direct- 
connected exciter of ample capacity. Fig. 2 shows the 
lay-out of the canal. 
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The four automatic stations are controlled from 
Plant No. 4, out of which one pair of lines runs to 
Plants No. 5 and No. 6 and another pair to No. 2 and 
No.3. Plant No. 4, itself, is manually operated. 

When starting up a station, the key to connect the 
East or West line to the supervisory is thrown at the 
control desk and the number of the desired station is 
dialed. On receiving assurance that the correct plant 
is connected to the line a check is made of the water- 
level. If this is suitable the station is started by dialing 
the proper number. A solenoid on the governor is then 
energized and the gates begin to open till a point is 
reached to give approximately normal speed at no load. 
As the wheel comes up, the exciter, which is not yet 
connected to the a-c. generator field but has most of its 
own rheostat short-circuited, builds up its voltage and 
closes the main line breaker at approximately synchro- 
nous speed. As the generator is provided with damper 
windings it pulls rapidly into step, assisted by the field 
excitation which is thrown on by an auxiliary switch 
on the main breaker. The generator then operates 
in the usual manner under the control of a standard 
vibrating regulator. This self-synchronizing method 
of putting a machine on the line is the simplest’ scheme 
that is available and even eliminates the necessity 
of a speed switch to determine the point at which the 
breaker is closed—this point being set by exciter 
voltage. As the system is very large compared with 
the size of the units, no appreciable shock is felt on the 
line when the machine is closed. 

In order to utilize all the water available, the three 
smaller units at Dams Nos. 38, 5, and 6 operate under 
float type of load control; the gate opening depending 
entirely on the head of water available. On the 
larger units the usual type of speed governor is used 
with the addition of a float attachment for limiting 
the load on low head. 

The supervisory control performs the usual functions 
of starting and stopping the units and reading the 
head of water, power output (determined from the 
gate opening) and breaker position. In addition, 
a point is furnished for voltage control; this is pro- 
vided by means of a contactor which short-circuits a 
section of the voltage regulating rheostat on the 
generator and, in effect, recalibrates it for a different 
voltage. Two trouble horns are furnished in the 
dispatching station, one for the east and one for the 
west line. When any machine locks out due to opera- 
tion of its protective equipment, the horn sounds until 
the station in trouble is located by means of the super- 
visory system. 

On another part of this system there are now being 
installed two generators rated at 300 kv-a. and 400 
kv-a., 2300 volts in different stations a few miles 
apart. These are to be entirely automatic, starting and 
stopping by means of a combination of float switch and 
time-clock so arranged that the machines will operate 
according to a predetermined time schedule providing 
the water-level is within the proper limits. 
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MULTIPLE-UNIT STATIONS 


In these cases there has been but one generator per 
station. However, installations of two or three ma- 
chines in the same plant are quite common and give rise 
to no particular problem. When supervisory control is 
used, the separate units are handled almost independ- 
ently as if they were in different stations; the load and 
breaker positions, ete., of each unit are read separately, 
although, of course, one water-level indicator is suf- 
ficient for the station. When under complete auto- 
matic control one machine is given preference so that 
it will always start first and the others will follow in 
order as conditions demand. A simple knife switch is 
generally supplied so that the No. 1 machine can be 
changed at stated intervals and thus distribute the 
service over the various units. Sometimes, in order to 
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obtain the maximum output from the station, ar- 
rangements are made so that as many machines as 
possible will operate at their maximum points of 
efficiency rather than distribute the load equally over 
all units. 
One of the most interesting applications in th 
country is to be found on the property of the Wisconsin 
Public Service Company on the Peshitgo River. 
Here, there is a string of four plants at Caldron Falls, 
High Falls, Johnson Falls and Sandstone Rapids, 
connected by a 66,000-volt line which runs south to 
Green Bay. High Falls is a manually operated station 
of 8750-kv-a. from which the other three are controlled. 
AUTOMATIC SYNCHRONIZING AND SELF-SYNCHRONIZING 
The first automatic to be installed was Johnson 
Falls which contains two 2200-kv-a., 2400-volt, 150- 
rev. per min. vertical machines with direct-connected 
exciters and is located three and one-half miles down 
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the river from High Falls. Since High Falls would 
be the only station in operation when the machines at 
Johnson Falls were started up it was felt that if the 
usual self-synchronizing scheme of throwing the 
generator on the line without field at approximately 
synchronous speed were utilized, the bump on the sys- 
tem might be objectionable, and it was decided to make 
use of the automatic synchronizer. In any case in 
which the incoming generator capacity is an appreciable 
percentage of the system kv-a. the use of the automatic 
synchronizer is essential if smooth operation is to be se- 
cured, in fact, in some cases where the machine is on the 
end of a long line with limited capacity an attempt to 
throw it on without synchronizing might well produce 
such a drop in voltage as to allow any synchronous 
motors on the system to drop out of step. 

The automatic synchronizer shown in Fig. 3 is 
composed of two parts—the speed matcher and the 
synchronizer proper. The generator is brought up to 
speed with its field excited from the direct-connected 
exciter under the control of its voltage regulator and as 
it nears synchronism the speed matcher comes into 
play. This consists of a pair of small single-phase 
motors working through a differential to a contact- 
making device. One motor is connected to the leads 
of the incoming machine and the other to the bus. 
Depending on whether the machine is below or above 
synchronism, contact is made through the differential 
to raise or lower the speed of the water-wheel through 
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the electrically operated governor so that it is held 
at synchronous speed. An anti-hunting device prevents 
oscillations. The automatic synchronizer then func- 
tions to close the breaker when exactly in phase. This 
consists of two solenoids working through a lever 
mechanism and an oscillating segmental contact. 
It can be seen mounted on the top of the panel. One 
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solenoid is arranged with coils excited from a potential 
transformer connected in such a way as to have a 
maximum pull when the voltage of the machine is in 
phase with the bus and zero pull when directly out of 
phase. The other solenoid is connected in the reverse 
manner so that as the machine approaches synchro- 


Fig. 5—Hieu Sprep Face PLuatTe ror RuBostTaTic REGULATOR 


nism, the pull of the two solenoids reaches a maximum 
alternately and oscillation takes place in the lever 
mechanism. The frequency of these oscillations falls 
as the machine approaches synchronism and when it 
reaches that corresronding to a complete revolution 
of a synchroscope needle in approximately five seconds 
the oscillating segment makes contact long enough to 
complete a circuit to the control relay and close the 
machine breaker connecting it to the line. The 
machine then continues to operate when under the 
control of its voltage regulator. Synchronizing by this 
means is much more rapid and more accurate than 
could be done by hand. 

An interesting point in connection with the installa- 
tion is the use on the generator of the high speed 
face-plate rheostatic voltage regulator rather than the 
vibrating type. This regulator is coming into very 
common use in hydro stations—particularly automatic 
stations—because of its extreme simplicity and very 
satisfactory operation. The exciter voltage is main- 
tained constant and regulation takes place entirely on 
the main field rheostat. A typical control panel is 
shown in Fig. 4 and the motor-operated face plate in 
Fig. 5. The forward and reversing contactors of the 
motor are shown on the top of the panel while the 
control element proper is below. Variation in bus 
voltage, working through the lower mechanism, re- 
sults in rapid cutting in or out of resistance with suit- 
able anti-hunting devices to prevent over-travel of the 
motor. In this regulator the time element of the 
exciter field is eliminated so that its speed of operation 
is quite comparable with the vibrating typé and is 
particularly applicable where heavy field currents 
necessitate a large number of relays on the vibrating 
regulator. 

The second station to be installed on this system was 


Oct. 1926 


Caldron Falls about seven mi. up the river from High 
Falls where there are two 4000-kv-a., 2300-volt vertical 
machines. It was decided in this case to use the more 
usual scheme of self-synchronizing to put the machines 
on the line. For this reason they were provided with 
damper windings (these being unnecessary, of course, 
in the case of Johnson Falls) and a speed switch which 
operates to close the machine breaker at 95 per cent 
speed connecting it to the line without field, the field 
being applied by means of an auxiliary switch on the 
breaker. Another departure from the practise at 
Johnson Falls was the use of a vibrating regulator for 
each machine rather than a rheostatic regulator. 

A very interesting picture of the characteristics of 
the two schemes of starting can be obtained from 
oscillographs taken at the time of closing the generator 
breaker. Fig. 6 shows the self-synchronizing generator. 


Fig. 6—OscILLOGRAPH OF SELF-SYNCHRONIZING GENERATOR 


It will be seen that as there is only the reactance of the 
winding to limit the current, it rises to seven and one- 
half times full-load current. Several seconds elapse 
before it has dropped to full load. When the breaker 
closes, the voltage falls to 75 per cent of normal for 
a few cycles. Fig. 7 shows the action with an auto- 
matic synchronizer. The armature current reaches 
only 35 per cent of full load and oscillates for a few 
seconds. 

In deciding on the type of control to be used in the 
latest plant at Sandstone Rapids, experience obtained 
from the other two pointed to the use of an automatic 
synchronizer and the face plate rheostatic regulator. 
Here there are two 2400-kv-a., 6600-volt, 150-rev. 
per min. machines with direct-connected exciters. 
In general, the equipment will be very similar to 
Johnson Falls. 
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An interesting point in connection with these stations 
is that they are arranged for starting, not only from the 
supervisory control, but also from a low-frequency 
relay. This relay will energize the master element 
if the frequency drops to 57 cycles; a delay of a few 
seconds being provided to take care of momentary 
dips. Only one relay per station is necessary and after 
it starts machine No. 1, it is transferred to No. 2 to be 
ready to start it when required. The machines close 
down when a predetermined underload exists for a 
stated time, variable up to 30 min.; shutting-down 
takes place in the reverse order from starting up. 

In order to show the extreme flexibility of this type 
of supervisory control it might be well to enumerate 
the number of different operations that can be per- 
formed by its means in the Sandstone Rapids Plant. 


Start machine No. 1 

Stop machine No. 1 

Release lock out on machine No. 1. This is to allow the 
machine to operate as a complete automatic station 
starting by means of its frequency relay if conditions 
demand. 

4. Supervise water-level machine No. 1 

5. Supervise gate-opening machine No. 1 

6. Increase load on machine No. 1 

7. Decrease load on machine No. 1 

8 

) 

0 
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Raise upper limit of gate-opening machine No. 1 

Lower upper limit of gate-opening machine No. 1 

Close breaker No. 1. This is a high-tension oil circuit 
breaker connecting to one of the 66,000-volt feeders. 

11. Open breaker No. 1 

12. Supervise breaker No. 1 

13. Start machine No. 2 

14. Stop machine No. 2 

15. Release lock out on machine No. 2 

16. Supervise water-level machine No. 2 

17. Supervise gate opening machine No. 2 

18. Increase load on machine No. 2 

19. Decrease load on machine No. 2 

20. Raise upper limit of gate-opening machine No. 2 

21. Lower upper limit of gate-opening machine No. 2 

22. Close breaker No. 2 

23. Open breaker No. 2 

24. Supervise breaker No. 2 


APPLICATION TO OLD STATIONS 


Automatic operation shows such economy that it is 
not only applied to new stations, but also many old 
ones are being changed over by the addition of the 
necessary equipment. In one station just putin opera- 
tion under supervisory control, there is one 1000-kw., 
100-rev. per min., 2300-volts, waterwheel genera- 
tor and one 500-kw., 120-rev. per min., 2800-volt 
generator both excited from a 50-kw., 125-volt, 500- 
rev. per min. waterwheel-driven exciter. In general a 
direct-connected exciter is by far the more desirable 
for automatic control but, of course, in an old station 
it cannot always be provided. 

Since the machines had no damper windings, they 
could not be expected to pull into step by the usual self 
synchronizing method and an automatic synchronizer 
was, therefore, provided. The station is operated by 
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supervisory control from a point two miles away. No 
voltage regulator is used as the machines operate with 
fixed excitation. The first operation is to start up the 
exciter and when it is up to voltage machine No. 1 or 
No. 2 is brought up to speed and field applied. As it 
nears ,synchronism, the automatic synchronizer is 
connected in circuit and the machine synchronized to 
the line. Only one synchronizer is provided for the two 
machines and it is automatically connected to the 
incoming machine as it speeds up. 

In addition to the control and supervision of the 


Fig. 7—OscinuograPpH oF GENERATOR AUTOMATIC 


SYNCHRONIZING 


generators proper, there are 9-feeder circuit breakers 
in the station which are operated over the supervisory 
equipment. 

LARGE AUTOMATIC UNIT 

One of the largest automatic generators to be put 
in service will be that of the New England Power Com- 
pany rated at 9000-kv-a., 2300-volts, three-phase, 
60-cycle, 180-rev. per min. with direct connected 
exciter. The equipment is entirely automatic and in 
general follows along the usual lines. The machine is 
started by a combination of time clock and the ener- 
gizing of the high-tension line from the neighboring 
station of Davis Bridge, three mi.away. The generator 
will come into service when the high line is energized 
providing the time clock has completed contact. The 
latter can also be arranged to take the generator off and 
put it on again over the noon hour. 

The machine is provided with damper windings and 
comes on the line by the self-synchronizing method. 
Remote control is provided from Davis Bridge for 
adjusting the load on the governor motor when desired 
but there is nothing further in the way of supervision. 
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As the automatic unit will be on the stub end of a line, 
the output can be measured at Davis Bridge by the 
incoming meters. 

The voltage is stepped up from 2300- to 110,000- 
volts through three 2000-kv-a. transformers to tie in 
with the power system. An emergency motor generator 
set is provided for excitation in case of trouble with the 
direct-connected exciter. 


SYNCHRONOUS VISUAL TYPE SUPERVISORY CONTROL 


In all these installations, the same kind of super- 
visory control has been used—the audible type— 
because it is quite sufficient to take care of all require- 
ments. It is possible, however, that what is known 
as the Synchronous Relay Type of control will find 
application where remote synchronizing is desirable 
or where there are such a large number of stations to be 
controlled that a constant visual indication is required 
of the status of the equipment in each one. 

This apparatus is extremely flexible in its application 
and there is practically no limit to the number or kinds 
of operations that can be performed. It does not 
operate on the impulse or code principle but . really 
sets up a complete circuit from the dispatchers board 
key over two line wires to the control relay of the ap-: 
paratus to be operated. This can be a circuit breaker 
or any indicating device such as a float switch, am- 
meter or voltmeter which can be arranged to reproduce 
its indication at the dispatching point. 

The apparatus consists of batteries of relays at 


Fic. 8—Suprrvisory Controu Protective Tuses 


both ends of the line; these operate in synchronism and 
are kept together over a two-wire drive circuit with 
interlocks so arranged that the relays must operate 
in a predetermined order and corresponding relays 
at both ends of the line must operate together other- 
wise the whole equipment comes to rest and refuses 
to function. Each pair of relays corresponds to some 
particular operation in the automatic station and as 
they operate they step another two wire signal line 
from point to point so that at any particular instant 
a complete circuit is provided over these signal 
wires from the control key in the dispatcher’s office 
to the proper apparatus in the automatic station. 
When it is desired to perform any particular opera- 
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tion, the corresponding key is depressed and then the 
drive circuit set in operation. The relays operate 
in synchronism until the signal circuit reaches the key 
that has been operated and thus a complete circuit 
has been completed through to the apparatus and the 
operation takes place. In the case of remote syn- 
chronizing, voltage transformers are connected to 
points in the substation cabinet and a synchroscope 
to corresponding points at the dispatcher’s end. The 
circuit breaker to be closed is arranged to be the next 
point in sequence so that, the moment synchronism is 
reached, the dispatcher operates a key which in- 
stantly transfers the signal line from thesynchroscope 
point to the breaker point and closes the breaker. 

Continuous lamp indication is given of the position 
of all equipment and telltale lights are provided to show 
any automatic operation. 


SUPERVISORY PROTECTIVE EQUIPMENT 


It might be well to mention here the necessity for 
some kind of apparatus to protect the supervisory 
control equipment from line disturbances. It is very 
common to find the telephone wires used for the 
supervisory run underneath the high-tension trans- 
mission lines where they will be subject to induced 
voltages from the high-tension line as well as the pos- 
sibility of direct contact. In order to prevent such 
over-voltages getting into the control equipment 
vacuum tubes to provide a path to ground are con- 
nected to the supervisory line at both ends. Fig. 8 
shows a battery of such tubes. Each tube contains 
four electrodes. In the case of a two-wire line, an 
electrode is connected to each line and the other two 
are connected together and to ground. The four are 
spaced so that they will discharge at a difference of 
potential of about 250 volts between pairs, thus pre- 
venting any higher voltage than this remaining on the 
control wires. Small fuses are furnished for connection 
between the tubes and the supervisory and in the case 
of overhead wires paralleling high-tension lines, fuses 
of the transmission line voltage rating are also used on 
the line side. These vacuum tube protectors have 
been known to take care of the most severe conditions 
without difficulty. 

D-C. Hydro Station. Although the great majority of 
installations are for a-c. generators there are some cases 
where vertical d-c. machines have been used. These 
are provided with the necessary W hk? and overspeed 
capacity and use Kingsbury thrust bearings. The com- 
mutator is placed below the rotor to prevent carbon 
and copper falling in the windings. 

The machines are entirely automatic in operation, 
being controlled. by a float switch. As the water- 
level rises the float makes contact and starts the 
governor oil pump motor and when the proper operating 
pressure has been reached, an electric solenoid puts 
' the governor in operation, the gates open and the 
machine comes up to speed. The automatic voltage 
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regulator then comes into operation and balances the 
voltage of the machine with the bus by working on a 
motor-operated field rheostat. The main d-c. breakers 
are closed and the load taken by the generator is 
regulated by the water-level; the float switch operates 
over a rheostat which is inserted in the voltage regula- 
tor circuit thus recalibrating it and allowing it to 
regulate for higher or lower voltage and therefore 
larger or smaller output. The units are shut down ata 
predetermined minimum head. 

In addition to balancing the voltage at start and 
regulating it for load the regulator has a third element 
which limits the output of the generator in case of 
trouble. In event of overload, the voltage is cut down 
thus limiting the output and if the overload continues 
the thermal relays lock the machine out. 


CONCLUSION 


While no attempt has been made to go into the 
equipment supplied for any of these plants in very great 
detail, itis hoped that sufficient has been described to 
show the variety of applications confronting the auto- 
matic engineer, the types of problems that are en- 
countered, and the extreme flexibility of the equipment 
in its capacity to take care of practically any condi- 
tions that can arise. 


ELECTRICAL HOUSEHOLD APPLIANCES 
IN THE NETHERLANDS 


A large demand for modern electrical household 
appliances has recently been created in the Nether- 
lands as a result of the activities of the municipal 
electric works at Amsterdam where American products 
are generally favored. 

The general application of electrical appliances has 
been restricted by the comparatively high rates, 
consequently the number of electric household appli- 
ances used has been small. Special rates are now being 


_ quoted for electricity used during the daytime, and the 


municipal electric works at Amsterdam has announced 
that it will supply electric energy at a lower “night 
tant? drom i Ip: msto- 730%. m: 

The municipal enterprise is demonstrating devices 
in a special showroom. Among the articles shown is 
an electric stove which stores heat during the night hours 
for use the next day. When the stove, which weighs 
about 330 Ibs. is fully charged, the inside temperature 
is 275 deg. cent., while the outside is 70 deg. cent. 

Various types of electrically operated refrigerators 
are also on exhibition. Water tanks with a capacity of 
11%, 6, 10, 40, and 60 gallons are available. The water 
is heated to 85 deg. cent. Radiation is at the rate of 
three-quarters of a degree per hour, so that hot water 
will be available all day. 

The municipal works are supplying purified, dry air 
in cylinders which can be placed in bedrooms of people 
suffering from asthma. 


Abridgment of 


Synchronous Machines 
I—An Extension of Blondel’s Two-Reaction Theory 


BY R. E. DOHERTY: 
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Synopsis.—Blondel treated salient pole machines by resolving 
the fundamental space component of m. m. f. along the two axes 
of symmetry—the direct axis of the pole, and the quadrature axis 
between poles. Using this idea and applying harmonic analysis, 
Blondel’s theory has been extended in the present paper to a com- 
prehensive system of treatment in which the effect of harmonic 
m. m. fs., as well as the fundamental and also of field m. m. f. im 
the quadrature axis, as well as in the direct have been taken into 
account. 

It is shown that the “armature leakage flux’ which causes 
reactance voltage drop in synchronous operation comprises all 
fluxes due to armature currents which generate fundamental 
voltage except the space fundamental component, the latter con- 
stituting the total flux of “armature reaction.” 

Impressing upon the variable air-gap permeance those space 
harmonics of m. m. f. which are due to the fundamental time com- 
ponent of current and which therefore rotate at various fractional 
speeds produces odd space harmonics of flux rotating at many 
different speeds and in opposite directions. Some of these listed in 
Table I produce fundamental voltage, but most of them generate 
time harmonics. The former, which are reactive voltages, are only 
those of the nth space order rotating at one nth speed—that is, those 
which correspond in space order and speed to the harmonic m. m. fs. 
The corresponding reactances are definitely defined in Appendix 
C in terms of permeance coefficients, and means are outlined for 
quantitative determination of such coefficients from graphically 
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constructed field plots. Although, strictly, there are as many field 
plots required as there are significant m. m. f. harmonics, an approxi- 
mation, developed in Appendix B, is given in which only one 
plot is necessary, other permeance waves being derived therefrom. 

It is shown that only the average term and the second space 
harmonic of the permeance series affect the fundamental voltage. 
Hence, unless it is required to calculate the harmonic voltages, only 
those two terms of the permeance series need to be determined. 

In the application of the results, the fundamental voltages thus 
produced by the armature currents are superposed upon that due to 
current in the field winding, which latter has been previously treated. 
This gives the vector diagram, Fig. 19, from which the steady state 
relations are set down in equations. 

In Part II, the steady-state angle-power relations are developed, 
including an interpretation of the ‘‘reluctance term” in the power 
or torque equation. 

In Appendix D, the vector diagram for salient pole machines 
is interpreted in terms of the well-known Potier diagram for cylin- 
drical rotor machines. Also the effect of saturation both on angle- 
power relation and on the value of excitation required under loadjis 
discussed. 

Subsequent papers in the near future will present results which 
have been obtained from the application of the method and point of 
view here outlined to the solution of problems relating to abnormal 
operating conditions of synchronous machines. 


INTRODUCTORY 


HE ever widening application of synchronous 
machines and their great importance as a factor 
in the operation of power systems have created 

the occasion for an extended study of their behavior 
under the various normal and abnormal conditions. 
The results of the investigation comprise not only the 
determination of such operating characteristics, but 
also extensions in fundamental theory and in mathe- 
matical facilities for applying it. It is the authors’ 
purpose to present the results of the investigation in 
a series of papers, the present one dealing with the 
theory relating to steady-state, polyphase operation. 

The present work is essentially an extension of 
Blondel’s? treatment, and an application of the results 
to definite problems. His fundamental conception 
of resolving the armature m. m. fs. and fluxes in salient 
pole machines into two space components—one in 
line with the pole axis, the other in quadrature thereto— 
is the basis of the present study. The fundamental 
premises are extended, and new constants which are 
necessary to characterize the performance are defined 
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and incorporated in the equations. Asin any engineering 
analysis, this has involved certain assumptions, carefully 
defined, which would simplify the equations toa practical 
degree, but which would not throw the calculated 
results beyond the limit of reasonable accuracy. That 
is, the predominating factors which practically deter- 
mine the characteristics have been included, and those 
have been omitted which complicate the equations 
without significantly affecting the calculated result. 
The final equations are thus relatively simple, consider- 
ing the nature of the phenomena related. 

Lyon® has treated the flux distribution, voltage and 
power of a synchronous machine by an interesting 
application of harmonic analysis to the flux waves 
which must exist. He starts with a general equation 
for the complicated resultant flux wave; hence, the 
resulting series contain coefficients which it would be 
very difficult to determine. However, it is true, as 
Prof. Lyons says, that it is “useful to know what har- 
monics may be present even when their magnitudes 
can not be calculated.” The present paper, while 
applying the same general method of attack, 7. e¢., 
harmonic analysis, nevertheless starts with the resolu- 
tion of m. m. f. waves, instead of flux waves, and takes . 
advantage of the symmetry embodied in salient pole 
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machines, by making the resolutions along the two 
axes of symmetry,—+. e., applies Blondel’s idea. This 
treatment gives m. m. f. waves spread over definite per- 
meance distributions, thus making it possible to deter- 
mine the coefficients of the significant harmonics of 
the flux waves. 

Thus several aspects of the problem have been 
treated during the investigation; an extension in funda- 
mental theory, comprising an harmonic analysis of the 
phenomena in the air-gap, and the inclusion of exciting 
field ampere-turns in the quadrature axis, the definition 
of characteristic constants, and thus, to this extent, 
a basis for their determination; the formulation of 


characteristic equations; the excitation-voltage-load 


characteristic; angle-power relations under steady and 
transient states; short-circuit phenomena under steady 
and transient states, single phase and polyphase; and 
mechanical forces and torques due to electromagnetic 
reactions under various conditions. . 

The present paper is in two parts. The first inter- 
prets and extends the theory relating to steady-state 
conditions, including definitions of the essential con- 
stants; constructs the excitation-voltage-load diagram, 
and shows the relation of this to the corresponding 
familiar diagram, for cylindrical rotor construction. 
Part II treats the steady-state power-angle relations. 

I. General Theory 

Percentage Representation of Quantities. It is con- 
venient to express the quantities involved in percentage 
(as a fraction) of their normal values. While the base 
of the fraction for each quantity has definite dimensions, 
the fraction is, of course, a numeric, and its use avoids 
cumbersome conversion factors in the equations. 
Nevertheless, the results thus expressed by fewer 
symbols are none the less definite. It is believed that 
many mathematical treatments of engineering problems 
could be immensely simplified in this way. 

On this basis: 

Unit voltage is normal rated voltage. 

Unit armature current is normal rated current. 

Unit power is normal three-phase power. 

Unit impedance is that impedance through which 
normal voltage at normal frequency causes normal 
current to flow. 

Unit field current is that field current which induces 
normal fundamental, open circuit voltage at 
normal speed. 

Unit space fundamental flux is the flux which rotating 
at normal speed induces unit voltage. 

Unit flux density is the maximum density of the 
unit fundamental flux wave. 

Unit space fundamental magnetomotive force is 
the resultant fundamental magnetomotive force 

® produced by normal three-phase armature current. 

Unit permeance coefficient is that coefficient which, 
multiplied by unit m. m. f., gives unit flux density. 

Unit time is the time required for one cycle of funda- 
mental frequency. 
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Unit angle is 2 7. 

Unit speed is normal synchronous speed. 

All armature voltages and currents are per phase. 

Armature Current Phenomena. It has been shown by 
Arnold and others‘ that in a synchronous machine, 
the space distribution of m. m. f. due to each armature 
coil can, under certain reasonable assumptions’, be 
resolved’ into rotating space harmonics. - The super- 
position of these m. m. f. distributions due to all coils 
produces an interesting and highly convenient result— 
namely, a number of space sinusoids of m. m. f. of 
different pole spans, rotating at different speeds, some 
forward, some backward. Thus, for instance, in a 
balanced three-phase system, the fundamental sinusoid 
alone rotates at synchronous speed with respect to 
the armature, 7. e., with the field poles; the third 
harmonic, vanishes; the fifth, with a pole span of one- 
fifth, rotates backward at one-fifth of synchronous 
speed; the seventh, with a one-seventh span, forward at 
one-seventh speed; the ninth vanishes; the 11th, 
backward, and so on. Stated in other words, for bal- 
anced current (sine wave in time) in a three-phase arma- 


Armature Surface 


Fig. 1—TRAVELING Space Sinusorps or M. M. F, 

ture, there are a number of different, independent, space 
sinusoids of m. m. f., each rotating at a different speed; 
and they exist as sinusoids, of course, regardless of the 
salient-pole character of the magnetic circuit of the 
rotor, so long as the poles are symmetrical. Fig. 1 
shows the fundamental and fifth of such a system at 
one instant of time. 


While the method is here discussed in terms of a three- 
phase machine, the general theory obviously applies to 
any polyphase system. In two-phase, the only differ- 
ence is in the number of harmonics dealt with. For 
this case, the space harmonics of m. m. f. are as follows; 
the fundamental, forward at synchronous speed, 
the 8rd backward at 14 speed, 5th forward at !/; speed, 
etc.—all of which may be treated in the foregoing 
manner. In single-phase, the method of analysis is 
the same, but the results involve some additional 


4. Bibliography 2; and 4, chapter VII. 

5. The particular assumptions involved in order that m. m. f. 
with respect to the rotor may be definite at each point of the 
armature surface are infinite permeability of the armature 
iron, no slots, armature current concentrated at points along 
the armature surface, and symmetrical field structure. 

Subject to these assumptions, the armature m. m. f. becomes 
equivalent to a distribution of magnetic potential along the arma- 
ture surface. 
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constants which enter the problems of transient state; 
hence this case will be treated in a later paper. 

If there are time harmonics in the current, each one 
of them will produce its own system of space sinusoids 
of m. m. f., which will be like that produced by the 
fundamental term in all respects except that the speed 
of rotation of each sinusoid will be increased by the order 
of the time harmonic of current. For instance, if the 
current in each phase comprises a fundamental and a 
fifth harmonic, there will be two systems of space 
sinusoids: one due to the fundamental, as described 
in the foregoing paragraph; and another in which the 
sinusoids of full pole span (7. e., fundamental in space) 
rotates at five times synchronous speed, the third 
vanishes, the fifth (one-fifth pole span) at five-fifths 
speed, and so on. 

It is possible to superpose the armature m. m. fs.° 
as in the foregoing, because they are all assumed’ to 
be distributed along the armature surface. However, 
the field pole m. m. f. is not. It is distributed radially 
and at some distance from the armature currents. 
Hence, the superposition of the armature and_ field 
m. m. fs. is not permissible. But all of the fluxes 
at any point on the armature surface, produced by all 
of these m. m. fs., can be superposed; likewise, the 
corresponding voltages. 


So the problem is to determine all of the space 
harmonics of flux which are produced by all currents of 
both the field and armature, and which generate volt- 
age in the armature conductors; then to superpose 
such of them as are significant, in order to determine 
the resultant voltage. In addition, there are voltages 
due to those fluxes which do not appear in the air-gap— 
namely, slot leakage and end-winding leakage. These 
fluxes are practically proportional to, and in phase with, 
the armature current, and thus produce corresponding 
reactive voltages. The resultant of all of the foregoing 
voltages is, of course, the terminal voltage. 

Turn now to the flux waves produced by the rotating 
sinusoids of m. m. f. Under steady-state operation 
the fundamental space wave of the armature m. m. f. 
rotates at synchronous speed with the field poles, at 
some definite angle of displacement. Hence whatever 
may be the shape of the flux wave thus produced, it 
is nevertheless steady in value and fixed with respect 
to the poles. All of the space harmonics of m. m. f., 
on the contrary, rotate at speeds different from syn- 
chronous speed, and therefore travel over magnetic 
paths of varying permeance, each wave of m. m. f. pro- 
ducing a pulsating, tufting, rotating flux—rotating, 
as it were, at a non-uniform velocity with respect to 
the poles, yet, at the same time, pulsating in magnitude. 


6. Neglecting the magnetic reluctance of the armature. 

7. The assumption is that the m. m. f. wave of each coil is 
approximately a square wave, and hence that the total current 
in each slot is concentrated in a conductor in the center line of the 
slot, at the surface of the armature, as illustrated for a particular 
ease in Wig. 2. 
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This is, of course, a complicated phenomenon, but 
it can be handled analytically as follows: 

1. Resolve each rotating space harmonic of m. m. f. 
into two stationary pulsating waves with respect to 
the poles. 

2, Determine the two corresponding stationary 
(with respect to the poles), pulsating flux waves pro- 
duced by (1). 

3. Combine the flux waves of (2) into rotating space 
harmonics of flux. 

4, Determine the component voltages which the 

space harmonics of flux in (3) generate. 
The same method of analysis, of course, applies to 
the space fundamental of m. m. f. as well as to the 
space harmonics of m. m. f., the essential difference in 
result being that the speed of the space harmonics of 
flux due to the space fundamental of m. m. f. is zero 
with respect to the poles. 

Before proceeding to such analysis, it is necessary 
to resolve the system of three-phase, balanced, sine- 
wave (in time) currents into two component three-phase 
systems: one in which the current in each individual 
phase reaches maximum at the instant the axis of the 
field pole coincides with the axis of magnetization of the 


Armature Surface 


Current 


Fig. 2—Assumep CurRRENT DISTRIBUTION ALONG THE ARMA- 


TURE SURFACE 


phase under consideration—this is called the direct com- 
ponent because it produces the direct component of 
armature reaction; and another in which the current in 
each individual phase reaches maximum at the instant 
its axis of magnetization is in line with the axis midway 
between poles, that is, one-quarter cycle later—this 
is the quadrature component. Each of these comple- 
mentary, three-phase systems has its own set of rotating 
space sinusoids of m. m. f. as described in the foregoing. 

While the general case is treated in Appendix A, the 
physical significance is necessarily somewhat obscured 
in such a treatment. Hence it appears desirable ‘to 
illustrate by carrying through the analysis of some 
particular harmonic,—say the fifth. The procedure is 
the same for any harmonic, including the fundamental. 

The first step is to define the references clearly. 
Since the resolution of m. m. fs. is to be made with 
respect to the poles, the space reference will be taken 
as the axis of a field pole, and time will be reckoned 
from the instant the axis of magnetization of some 
particular phase, say phase 1, lines up with the pole 
axis. Thus, referring to Fig. 3A, the electrical angle 
a is measured from the axis of pole a in the direction 
of rotation. The position of the axis of phase 1 with 
reference to pole a is shown for the instant t = 0. In 
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Fig. 3B, the position of phase 1 with respect to pole a 
is shown for 
t = 0.25, for which a = —0.25 
Now consider the time-space relations of the m. m. f. 
waves. By hypothesis the direct component of current 
is maximum at the instant for which the space relations 
of the m. m. fs. are shown in Fig. 3A, that is at t = 0. 
That is, the instantaneous value of this current is 
ta cost (1) 
Thus at, that moment, the fundamental A,, and the 
fifth Asq space harmonics of m. m. f. have the space 
relations with respect to the poles as shown. Be it 


Phase 1 


Fig. 3—Space anD ‘Time RELATIONS BETWEEN THE F'UNDA- 


MENTAL AND 5TH Space Harmonic or M. M. F. 


A—For direct component of armature current 
B—For quadrature component of armature current 


remembered that the fundamental is fixed in magnitude 
and position with respect to the pole, whereas the 5th, 
like the other harmonics, is rotating with respect to 
the pole. 

The quadrature component of current, on the other 
hand, is a maximum at a later time, that is att = 0.25. 
Thus the instantaneous value is 

7, sin t (2) 
and the space relations of its corresponding m. m. f. 
waves at that instant are shown in Fig. 3B. But 
obviously this position is not the space position which 
the 5th had at t = 0, since the wave is rotating with 
respect to the poles. The quadrature fundamental, 
like the direct fundamental, is of course stationary with 
respect to the pole, and of constant magnitude. 


To analyze the 5th, it is necessary to obtain an expres- 
sion for each of the two components of the rotating 
5th space sinusoid of m. m. f., namely a;4and a;,._ The 
known characteristics are (a) the amplitude, (b) the 
space distribution, or position of the rotating wave at 


8. The waves as shown are due not only to current in phase 1, 
but also to currents in the other two phases, the resultant 
waves of all the currents having, at that instant, the same space 
distribution as the corresponding harmonics produced by phase 
lalone. The magnitudes are different, of course. 
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one instant, and (c) the speed and direction of rotation. 
Take the direct component first: 

(a) amplitude, As, 

(b) maximum value of wave coincides with pole 
axis att = 0 

(c) rotates backward with respect to the armature 
at '/; speed, and with respect to the poles at °/; speed, 
thus at an electrical angular velocity (referred to its 
own wave length) of six times normal. 

The equation for such a rotating wave is 


Asa = Asacos {5(a+ yp) + 6 ¢} 
att =0,itis, 


(3) 


Asa cos 5 (a + wy) 
But from the assumed boundary condition in Fig. 
3A, the space di tribution att = Ois 
Asacos5 a 
Hence y = 0. Thus the waveis 
Asa = Asacos (ba + 61) (4) 
Likewise, the 5th rotating m. m. f. wave due to the 
quadrature component of current is 
Msg = Asgcos{5(a+y)4+6t! 
Att.=— (.2o,ab is 
As,cos{5(a+y)+1.5} 
which must represent the wave in the particular posi- 
tion shown in Fig. 3B, that is 


(5) 


5th of direct component 


5th of quadrature component 


i 


TSH 4 


~ poles 


Axis between 


Fig. 4—Tur Direct AND QUADRATURE COMPONENTS OF THE 
5TH Space Harmonic or M. M. F. art =O. Eas. (2) ano 
(4) RESPECTIVELY 


= As sin5a 

Thus 
eos {5(a+y) +15} =-—sinda 
Hence 
y’ =— .05 
and the equation of the wave is, by (5) 
Qsq = As, cos {5 (a— .05) + 6¢ } 
or 
/ Qsq = As,sin (6a + 62) (6) 


The waves represented by (4) and (6) are shown in 
Fig. 4 for the instant ¢ = 0. 

The stated plan is to resolve each of the two waves 
(4) and (6) in two pulsating components, stationary 
with respect to the poles, and then determine the 
corresponding stationary, pulsating flux waves. Thus, 
by direct trigonometric transformation, (4) becomes, 


Gsa = Asa (cos5 acos6t— sinda6t) 
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which comprises the two stationary pulsating waves 


sa = Asacosdbacos6t (7) 
and 
a" «4 = Asa sin 5 a sin 6 t (8) 
Similarly, (4) becomes, 
0's, = As, sin 5 a cos 6¢ (9) 
and 
@"sq = Asgcos5 asin 6t (10) 
M.M.F Distribution 
Permeance Distribution 
| | 
Fie. 5—A—FLux anp PErRMEANCE DISTRIBUTION FOR 
THE ZERO Harmonic (CONSTANT M.M.F.), GRAPHICALLY 
DETERMINED 
ier et Nate aah i 
4 | 
,  Pesmeance Distribution; itt HH | | 
| 
M.ME. Distribution : 
beste serra 
A 4 
Fig. 6—A—Fiux and PERMEANCE DISTRIBUTION FOR 


FUNDAMENTAL, COS @ DISTRIBUTION OF M. M. F., GRAPHICALLY 
DETERMINED 


B—F.ivux DistrIBuTION BY TEST 


The next step is to obtain the flux waves produced by 
these stationary, pulsating waves of m. m. f. The 
product of the m. m. f. at any point along the armature, 
by the permeance coefficient applying to the magnetic 
path at that point, gives the flux density at that point. 
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But the permeance® coefficient, as well as the m. m. f., 
is a function of the space angle a. Although it is dif- 
ferent for each harmonic and is in any case a somewhat 
complicated function of a, it is at least a function which 
is symmetrical about both the direct and quadrature 
axes, in all cases of symmetrical :salient poles, and can 
therefore be represented by a Fourier series of even 
cosines. Fig. 5 shows the distribution of m. m. f., 
permeance coefficient and resultant flux for the zero 
harmonic; Fig. 6, the same for the fundamental, cos a 
distribution of m. m. f.; Fig. 7, for fundamental, sin a 
distribution of m. m. f.; Fig. 8, for the 5th harmonic, cos 
5 a distribution of m. m. f. 

These flux distributions were determined in one case 


_Permeance Distribution. 7 : 
at Distribution \_ Hl 


me 


i 


A 
7—A—Same_ as Fic. 6, Excerpt ror sin a DisTRIBUTION 
OF M. M. F. 


Fig. 


B—F.vux DisrrisvuTion By TEstT 


by graphic method, and in the other by test. Also the 
permeance distributions were determined in one case 
from the field plot, and in the other, from the curve in 


9. Question may be raised whether it is proper to consider 
the m. m. f. and permeance thus distributed, since the air-gap, 
in the case of salient poles, is extremely variable, and hence 
the total m. m. f. indicated at any point may not be entirely 
consumed in the corresponding permeance; that is, the return 
path from pole to armature may consume more or-less than the 
path from armature to pole. It is permissible because, over a 
pole pitch, the distributions are symmetrical, thus giving a 
corresponding return path in a similar position somewhere 
within the pole pitch. 

10. Even cosines, because a cycle of the resultant permeance 
wave is of one-pulv pitch, thus one-half cycle of fundamental space 
angle. 
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Fig. 10, derived in Appendix B. It will be noted that 
there is a very reasonable agreement. By appropriate 
modification of the result for uniform air-gap, the 
permeance distribution for salient poles may be plotted, 
as in Figs. 11 and 12, and analyzed. 

The two permeance coefficient series, one for the 


ines =~. Permeance Distribution 

7 ey 1 

J by of 2s aE 
eee } as 


= Fi 
<-M.MLF. Distribution, SS 
/ 


| 
ve 
x 


A 


Fie. S8—A—Fiux anp PerMpaNcre DISTRIBUTION FOR THE 
5TH HARMONIC OF M.-M. F. Cos @ DISTRIBUTION, GRAPHICALLY 


DETERMINED 


B—F tux DistrisvuTion By TEST 


3.0 


ycoth y 


cosine, the other for the sine distribution of the 5th 


harmonic m. m. f., are respectively, 


Wo = oe P20 C08 2 OE pi cos fat ow « (11) 


> 
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and 


De =) wir PB COS2 Op cos/4 at 12) 


the subscript ¢ and s indicating cosine and sine respec- 
tively, and the numerally (thusavoiding the appearance 


0 
0 IZ If ¥e 172 
a 
Fig. 11—PrrmMeance DistrisutTions DETERMINED FROM FIGs 
21 aND 22 
ANALYSIS OF THESE WAVES GIVES: 
pot = 0.66 p,° pot =0.44 p,? 
po’ = 0.73 p,° p = 0.37 ps? 


pXl! = 0.33 p,° 
pet = 0.25 p,? 


p! (derived from 
, Fig’s. 21 and 22) 


1.0 py py (from plot) 


py from plot) 


0 
Vig ly 3/g 1/2 


Fic. 12—Comparison or DrriveD aND PLorrnp PaRMBANCES 
FOR Ist AND 5TH HARMONICS 


of an exponent) indicating that the series is for the 5th 


space harmonic of m. m. f. 
The flux waves are, therefore, obtained by multi- 


plying (7) and (10) by (11), and (8) and (9) by (12). 


980 
Thus, 

1 
Bsa = ry Asal(pY sc -- 6.) COS @ (DV 26 + p¥s,) COS Za 


+ (2 p¥ oe + Pp’ 10.) COS 5 @& 


+ (pYoc + p¥ix) coSTa@+.. .Jcos6t (17) 
1 
BYsa = — Asal (pY 4s — DY es) Sin a + (PY 25 — Ys.) Sin 3a 
a (2 DY os — 10s) sin 5 a 
+ (p’o,— Pp’ ies) SNTa+.. .Jsin6t (18) 


i! 

Me = 2 Ars al(pY as ax DY 6s) sin @ ++ (pos = OY 35) sin 3 a 
+ (2 pos —- D' ioe) SIN. @ 
+ (p%o,— pY;)snTa+.. .Jeos6t (19) 
il 

B 6g = 3 Asal (p¥ sc + pec) COS @ + (p"a, + p's.) COS3 a 


+ (2 p%o. + P¥10-) Cos 5 a 
SeN a Dix) COSTa+.. 


Thus the stationary pulsating 5th space harmonic of 
m. m. f. a’sa, impressed on the variable (in space) 
permeance, produces space waves of flux of all odd har- 
monics, including the fundamental, there being a defi- 
nite progression in the subscripts of the permeance 
constants for the increasing order of the odd space 
harmonic. 

It will be noted that if the corresponding harmonics 
of (17) and (18), and of (19) and (20) be paired, the 
result will be that for each space harmonic of the series, 
there will be two flux waves in space and time quadra- 
ture, but of different amplitude. Now just as the rotat- 
ing 5th harmonic m. m. f. wave was resolved into two 
equal stationary pulsating waves in space and time 
quadrature, so in the present case the equal components 
(i. e., two amplitudes equal to the smaller) can be 
composed into one main rotating wave; and the differ- 
_ ence between the amplitudes constitutes a residual, 
single, stationary, pulsating wave, which can be 
resolved, according to the well-known scheme, into two 
equal waves of - one-half amplitude, rotating in 
opposite directions. Thus one of these must rotate 
with the foregoing main wave, and in space phase with 
it, and the other alone in the opposite direction. 

Thus equations (17) and (18) together contain two 
rotating flux waves for each odd harmonic of space 
distribution, the speeds of rotation being different for 
all harmonics; hence a corresponding difference also 
in the magnitude and order of the harmonic voltages 
thus generated; likewise, (19) and (20). These 
flux waves are obtained by pairing the corresponding 
space harmonies of (17) and (18), and of (19) and (20), 
and expanding them.!! 


-|sin6t (20) 


11. They could be obtained also by the scheme used to 
illustrate the physical meaning of the waves, as in Fig. 7. 
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Eqs. (17) and (18) therefore give: 


i 


Boar = Asal (pr ss — Des) + (P¥ sc + PY 6e)] COS (@ + 6 t) 


1 
4 gAod- (p¥ 45 — DP’ 6s) + (PY sc + P60) ]Cos (a — 6 1) 


(21) 


uf 
Bsa3 = qAsal (Dyes — p35) +(pYoc + psc) ]cos (38 a + 64) 


il 
Se ghd (p¥os— P's) + (PY xc +p se)] Cos(3 a— 61) 


(22) 


il 
Bsa5 = Ye Asa OA Oa roe DY 10s) 


+ (2 p’oe + pic) ] cos (5 a + 6 t) 
i 
ia gh Aga [ i, (2 Des 7 DP 108) 


+ (2 p’oc + Pio) ] cos (6 a — 62) ete. (23) 
And (19) and (20) give: 


1 3 
Bsa aaa ve Asal (PY ue— DY 6a) -b ("1 65) St 4-0 t) 


i : 
- q Asad (DY 4s DY 6s)— (PY se + PY 6c) |Sin(a@—6 t) (25) 
i , 
B53 a Lt Asal (p' 2s - (Du ae Giver aE: PY sc) |sin (3 a +: 6 t) 


1 . 
A Ais|(D¥2s = P36) (Dae a se) SIS a_i) 


(26) 
1 
Bsqs = 4 Asa [C205 — D” 10s) 
= (2 OY be == DY 10) ] sin (5 a + 6 t) 
1 
a7 - A gq 2 Pp" bs =D" a8) 
— (2 GDh =F iD: 10¢) | sin (5 a-—6 t) ete. (27) 


The third subscript is the order of the space harmonic 
flux wave. Thus, 8593 is the 8rd harmonic space flux 
produced by the 5th space m. m. f. due to 7,. 

Consider the meaning of these waves. Each one has 
an electrical angular velocity of six times normal (referred 
to its own wave length) with respect to the pole. The 
wave moves forward if the sign of ¢ is minus; and back- 
ward if it is plus”. Thus, (25) comprises two waves, 


12. For instance, in a rotating wave, say (25), sin (a + 6) 
: d 
must equala constant. Thatis,a +6t = C,and ee = — 6. 


Thus velocity is backward at 6 times normal speed. 
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one (the first term) rotating backward at six times 
synchronous speed with respect to the poles, five times 
speed with respect to the armature; the other, rotating 
forward at six times speed with respect to the poles, thus 
seven times with respect to the armature. These waves 
are of full pole span; hence the former generates a 5th 
harmonic, the latter a 7th harmonic voltage in the 
armature conductors. Eq. (26) likewise comprises 
two 8rd harmonic space waves, one forward, one back- 
ward, with respect to the pole at 6/3 or two times speed, 
thus generating in the conductors a 9th and a 8rd 
harmonic voltage. Similarly, (27) comprises two 5th 
harmonic space waves which generate a fundamental 
and 11th. Similarly the waves due to the direct 
component 5th, in eqs. (21), (22) and (23) produce 
corresponding harmonic voltages. It will be noted that 
the only fundamental voltages resulting from the 5th 
space harmonic of m. m. f. are those due to the backward 
rotating 5th and the forward rotating 7th space flux 
waves it produces. All other space fluxes which it 
produces give higher harmonic voltages. 

It is shown in Appendix B that for the 5th and higher 
space harmonics of m. m. f., the permeance series for the 
cosine distribution is approximately—almost exactly— 
the same as that for the sine distribution. Thus, 
making the approximation that 

Py me = D\ me 
then all of the waves due to the 5th m. m. f. which 
produce fundamental voltage are, 


Bsas = Asa p¥0 COS (S@ + 61) (29) 

Bsqs = Asa po sin (5 a + 6 t) (30) 
tS 

Bsaz = 3 Asap’, cos (Ta + 62) (31) 
1 

Bsa7 = 2 Asq Pp’ 2 sin (7 a+ 6 t) (32) 


What will be the magnitude and phase of the voltages 
generated by these waves of flux? In general, voltage 
is, by definition, minus the rate of change of magnetic 
linkages. Thus 

dQ 
ar (33) 

The plan is to change the reference of the rotating 
flux waves from the poles to the armature; then to 
resolve each wave into two stationary, pulsating com- 
ponents, involving cosine and sine space distributions. 
The former will produce linkages with phase 1; the 
latter will not.. The linkages thus obtained may then 
be applied in (33). 

For illustration, take (29). This 5th harmonic wave 
moves backward at °/; speed with respect to the poles, 
hence at '/; speed with respect to the armature thus 


13. Linkages of a circuit are understood to be positive when | 


they agree in sign with those produced by a positive current 
in the circuit. 
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giving an angular speed, on its own wave length, equal 
to normal. Let y be the space angle measured along 
the armature surface, and reckoned from the axis of 
phase 1, Fig. 14. Since at ¢ = 0 the armature reference 
(axis of phase 1) and the pole reference (axis of the pole) 
coincide, the space distribution with reference to the 
armature will, at that instant, be the space distribution 
with respect to the pole. Thus the rotating wave 
expressed with respect to the armature is, 


Bsas = Asa p’o cos (5 y + ft) (34) 
Resolve this by expansion into 
B’sas = Asa p’o Cos 5 Y cost (35) 
and 
B"sas = — Asa p’osind y sint (36) 
Co sine Term rete 
pi 
LY 
Fic. 14—Spacr REFERENCE ON THE ARMATURE, SHOWING THE 


PosITIon oF THE PoLE AND FLuxX WAVES AT t = O 


These are shown in Fig. 14. The flux expressed in 
(35) produces linkages with phase 1, but (36) does not. 
The linkages are 


AsaCs po 


Ona = OF P5a5 = Tur cos ¢t (38) 


where C; is the reduction factor" due to pitch, distribu- 
tion and connection of the coils. The instantaneous 
voltage, expressed as a fraction of normal voltage, is 
by (33) and (38) 


Csa5 = fun sin ¢ (39) 
But, 
Hence 

€sas = Hid = p" sin t (40) 


Similarly! 


14. C. A. Adams, bibliography (10). 
15. Or these equations may be obtained from the general 
equations (58a) and (59a). 
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Ai, C 

Ce eer P* cos t (41) 

1 Cy Cr, 
esa = — 9 Aira ps Rex a sin (42) 

it Cs G oe 
Crq7 = — 5 Aig p¥2 EO) 2 cos t (43) 
Consider the phase of these voltages. From eqs. 


(1) and (2) 2, is a cosine function of time, and 7, a sine 


function. But @5a;, produced by 72, is a plus sine 
©5a7 PS 
© 5q5 C5q7 la 
© 545 
ig 
Fig. 15—Vercror DragramM or VoLTaGEes PropUCED BY THE 


5TH HARMONIC M. M. F. 


function. Hence it lags a quarter period behind 7,. 
Similarly, e;,5 lags a quarter period behind 7,, which 
produces it; @sa7 leads 72 by a quarter period; and é;,7 
lags behind 7, by a quarter period. These relations are 
shown in Fig. 15. It will be noted that e,2; (fundamen- 
tal) voltage produced by 7th space harmonics of flux 
(itself produced by the 5th space harmonic of m. m. f.) 
is a reactive voltage of the same phase relation to the 
current producing it, as the reactive voltage across a 
condenser, whereas €5a5, @5g5 and €5,7 (produced by 5th 
space harmonics of flux) are of the same nature as the re- 
active voltage across an inductance. By taking the vec- 
torsum of the fundamental voltages due to all harmonics" 
(including the fundamental), produced by 2,, and, in 
addition, the reactive voltages due to the slot and end- 
winding leakages, the result will be the total reactive 
voltage produced by 7a, and will thus determine the 
synchronous reactance x, for the direct component of 
current. Similarly, x, is determined for the quadrature 
component. 

The general equations for all harmonics due to the 
total sine wave (in time) current are given in Appendix 
A as eqs. (58a) and (59a). 

From these equations the various fundamental 
voltages!” have been computed, and are tabulated in 
Table I, and are shown in Fig. 16 as vectors in relation 
to the other voltages due to armature current. From 
these results, the expressions for the reactances are 
derived in Appendix C. 


16. The voltages in Fig. 15 are produced by the 5th space 
harmonic of m. m. f. alone. There is a similar set of voltages 
for the 7th, 11th, 18th, 17th, 19th, ete., harmonies of m. m. f. 

17. While only the fundamental voltages are derived_in detail, 
equations (d8a) and (59a) contain the harmonies. 
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It will be helpful to sum up the points thus far 
established. The general plan, it will be remembered, 
is to determine, first, all of the component voltages 
produced by armature currents, such voltages compris- 
ing (a) all of those generated by flux emanating from the 
armature surface, 7. e., the air-gap flux, (b) that due to 
flux crossing the slots, (7. e., slot leakage) and (c) that 
due to end winding leakage; and, second, all voltages 
due to current in the field winding; then, by superposi- 
tion of all significant components, to determine the 
resultant, which is the terminal voltage. In the fore- 
going, the voltages due to the air-gap fluxes which are 
produced by armature current have been determined. 
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Fig. 16—FUNDAMENTAL VOLTAGES DUE TO ARMATURE 


CURRENTS 
A—Components of armature current 
B—Component armature reaction voltages 
C—Resultant armature reaction voltages 
D—Component leakage reactance voltages 
E—Resultant leakage reactance voltages (D and E magnified in scale, 
compared with B and ©) 


The voltages due to slot and end winding leakage have 
been previously determined.'® Hence all voltages due 
to armature current are accounted for. In Appendix 
C the important ones of these are assembled in expres- 
sions for reactance. 

Field Current Phenomena. The other source of flux is 
the field current. This current is due to the exciter 
voltage, assumed to be constant, and to such harmonic 


18. Bibliography 8. 
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voltages as are short-circuited by the field winding. 
The rotating space harmonic m. m. fs. produced by the 
armature current are of odd order, and rotate at odd 
fractions or multiples of synchronous speed with respect 
to the armature. Hence their electrical angular speed 
(on the harmonic base) with respect to the field pole 
and field winding must be of even order; because one 
times speed is always added to or subtracted from the 
odd term. For instance, the 5th rotates backward at 
1/5th speed with respect to the armature, thus 6/5th 
with respect to the pole. Hence it generates a 6th 
harmonic. The 7th rotates forward at 1/7th speed with 
respect to the armature, hence 6/7th with respect to the 
poles. Hence it also generates a 6th harmonic in the 
field winding. 

Therefore, the general form of the field current will 
be a Fourier Series of even harmonic terms, thus 
I =I,)cos2t+TI,cos4t + | 

“elo eine Dito Ie te hs (44) 

But inasmuch as, in a three-phase machine, the 5th is 
the lowest order” of rotating harmonic m. m. f. (excepting 
the fundamental), the 6th harmonic must be the lowest 
order harmonic in the field current. Moreover, since 
the 7th m. m. f. harmonic also produces only a 6th in 
the field current, and since the next existing space 
harmonics are the 11th and 18th, both of which gener- 
ate a 12th harmonic in the field winding, and next the 
17th and 19th, which generate an 18th, it follows that 
the only harmonics in the field winding are multiples 
of the 6th. 

But these are all of practically negligible magnitudes. 
While the 6th harmonic ripple may, in rare cases, be 
detected in the field current under the condition of 
balanced three-phase currents, and although it does very 
slightly affect the fundamental voltage, its influence is 
practically insignificant. Hence only the effects of the 
average term J», which is sustained by the constant 
exciter voltage, are considered. 

The voltage due to the flux produced by I) has been 
adequately treated before. The flux wave thus 
produced is of the general shape indicated in Fig. 17, 
and hence contains a fundamental and odd harmonies. 
The component harmonic waves are, of course, station- 


ary with respect to the poles and therefore generate: 


replica voltage waves in the individual armature con- 
ductors. The flux wave is determined, as in Figs. 
5, 6, 7 and 8, by graphic field plot from a scale drawing 
of the armature and field pole. 


If there should be a field m. m. f. in the quadrature 
axis, there would be another flux wave produced, 


19. There isanexception to this in the case of a delta-connected 
machine in which the circulating currents (third harmonic and 
its multiples) produce space third harmonics of m. m. f. and 
odd multiples thereof. However, these m. m. fs. rotate at 
such a speed as to induce in the field winding 6th, 12th, 18th, 
ete., time harmonics of current. 


20. Bibliography 7, and Appendix of 8. 
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symmetrical about that axis, hence containing only 
odd terms—fundamental and odd harmonics. 

Significance of Various Voltages. Consider now some 
aspects of the various fluxes and voltages. Which of 
them are important? Which of the fluxes determine 
the leakage reactance; which, the armature reaction? 

Take the harmonic voltages first. These are due, as 
already explained, to (a) a set of rotating flux waves 
produced by a sine wave (in time) current; (b) an 
additional set of rotating waves for each time harmonic 
in the armature current. In the various sets, the 
speed of rotation of the respective space harmonics 
(7. e., of the same pole span) is proportional to the order 
of the time harmonic producing it, and the amplitude 
is proportional to the amplitude of the time harmonic 
current; (c) the space harmonics of the field flux; and 
(d) the effects of permeance waves due to slots.”! 

How important are these harmonic voltages? Some 
are of no importance because they are of negligible 
magnitude. This may be due either to small amplitude 
of the flux harmonic, or to reduction by the connection 
and space phase of armature conductors. It is well 
known, for instance, that either a Y connection or 2% 
coil pitch eliminates the third harmonic; ‘/; pitch, 
the 5th; °/; pitch, the 7th, etc.; and the distribution 
of coils greatly reduces any which may remain.” 
So in many cases the harmonics may be. neglected 
because they are not appreciable. 

Therefore, since the harmonics do not significantly 
influence the regulation and power relations, princi- 
pally to be considered here, they will be neglected. If 
the r eva'uation, for other purposes, is ever required, ihe 
foregoing treatme t, particularly eqs. (58a) and 
(59a), constitutes a basis for their determination. 

Consider the fundamental voltages. They are due to 

(a) fundamental space component of flux due to the 
direct component of armature m. m. f., 7. e., direct 
armature reaction. 


(b) fundamental space component of flux due to the 
quadrature component of armature reaction. 

(c) 5th space harmonic flux,”* rotating backward at 
1/; speed, and due to the direct component of armature 
current. 


(d) 5th space harmonic,” rotating backward, and due 
to the quadrature component of current. 


(e) two corresponding components, (7. ¢., direct and 
quadrature) of the 7th space harmonics, rotating for- 
ward at '/; speed. 


21. This is neglected in the present treatment. Itisa different 
factor from the ripples due to current concentration, the latter 
being taken into account. The former have been treated by 
Lyon. See bibliography 7. 

22. In most modern alternators the harmonics are practically 
all thus screened out, leaving the terminal generated voltage 
almost a true sine wave. Bibliography 10. 

23. Each of these, 7. e., (¢), (d) and (e), comprises two flux 
components: one due to the 5th space harmonic of m. m. f.; 
the other, to the 7th. See Table I. 
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(f) two components of the 11th rotating backward at 
1/,, speed;”4 and so on. 

(g) slot leakage flux produced by both components 
(direct and quadrature). 

(h) end-winding leakage flux produced by both 
components. 

(i) fundamental space components of flux due to field 
m. m. f. in the direct axis. 

(j) fundamental space component of flux due to 
field m. m. f. in the quadrature axis. 

Consider these in detail. The terms (a) and (b) 


Rice, ANG 


are the usual vectors of voltage produced by the flux 
of armature reaction; these are 74%, and ?%@%aa in 
diagram, Fig. 18. (i) corresponds to the nominal 
voltage eg. (j) is an added similar term e,, Fig. 19, 


co 


fo ce} 
Phase 1 


ig X ad 
eq 


Fic. 18—Vector Diagram From Equations. N®8GLECTS 


SATURATION 


for the ‘quadrature axis. (g) is the usual slot leakage 


tq Xs, and 74%;, Fig. 16D, which is independent of cur- 


rents in any other slot, and is therefore the same for 
single or polyphase currents for full pitch coils. They 
are, however, different for fractional pitch. It may 
therefore be treated as external reactance,” provided 


24. When irregular armature windings are used, for instance, 
fractional slots per pole and then additional harmonics occur. 
These are important since they may create serious vibration 
in the stator frame; and, in the case of induction motors, may 
significantly increase the leakage reactance. Their computation 
is beyond the scope of this paper. 

25. The effect of currents of different phases in the same slot, 
as in fractional coil pitch, is accounted for by appropriate factors 
in the calculation of slot leakage. 
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the slot contains current of one phase only. Slot 
reactance is obviously the same for the direct and 
quadrature components of current. (h) corresponds to 
the usual end winding leakage reactance 7, x, and 2; &., 
Fig. 16p. There is some mutual reactance between 
phases, and hence it is not the same for single-phase and 
polyphase currents, and hence can not be considered 
as external reactance. It is here assumed to be the 
same for the direct as for the quadrature component of 
current. 

In Appendix C, expressions for the various react- 
ances are derived. 


VECTOR DIAGRAMS 

From the foregoing, and the results in Appendix C, 
the vector diagram, neglecting saturation, can be con- 
structed. The diagram, of course, will contain the 
same quantities as the well-known Blondel diagram, 
with the rather trifling exception discussed above, 
regarding the leakage reactance voltages.” 

From Table I, the voltages due to armature reaction, 
7. e., to the space fundamentals of flux, are 


1 ue 
= § Ara ( 0! ieee pt) = — J) ta aa 
and 


ra i) 4q Vag 


| 
Ss 
SS 
i 
Pea aa 
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The voltages due to leakage reactance, derived in 

Appendix C, are 

— jta ze 
and 

=) tq Lig 

Taking the fundamental flux @,,, direct axis, as the 
time reference vector, the vector diagram in Fig. 18 
is constructed. By the convention adopted in the 
equations, ¢¢ was taken as lagging with respect to 7a. 
This corresponds to a motor load; hence in Fig. 18, 
according to the definition, the power-factor angle @ 
is greater than 90 deg., 7.¢e., > .25. Redrawing Fig. 18 
in Fig. 20, the conventional relations are shown, in 
which 7, is reversed, thus a generator load. Also the 
reactances are combined, since saturation is in this 
particular case neglected. 

La = Laa + Lia 
Com Cagetael te 

The vectors in Fig. 20 are the induced, not the con- 
sumed, voltages. 

Introducing an excitation current in a field winding 
around the quadrature axis, brings in an additional 
voltage e, as shown in Fig. 19. The general power- 
angle relations are derived in Part II from this diagram. 
An approximate method, due to Blondel, for taking 

26. In the present treatment these comprise all fundamental 


voltages except those produced by the two space fundamental 
flux waves. - 
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saturation into account will be referred to in Part II TABLE I 
and also in Appendix D, in which Fig. 20 will be inter- FUNDAMENTAL VOLTAGES 
preted in terms of the familiar Potier diagram for A. Due to Direct Component of Armature Current. 
cylindrical rotor machines. Order of Amplitude and Phase of 
An idea of relative phase and magnitude of voltages n m | ky |Flux Wave} Fundamental Voltages 
may be obtained from an inspection of Table I. Re- ; ; : E ; ety I 
ferring to Fig. 16D, in which the phase relation of the ane he : 
various vector voltages of Table I is shown,?’ it will 1 2 1 1 hy Aid Pe 
be noted that the only ones which do not have the same 4 
phase relation with respect to the current which causes tug 02d pF 
them, are those which involve products C; C7, Ci: Cis, ? u faut 8 Te 25 
etc.—that is, those terms in which a flux of one space e 
orderfis}produced by m. m. f. of another space order. 5 2 = 7 fey Ara Cs Cr Pa 
; : : 70 
: Aig C% port 
a 0 1 ih =i 49 
Aia C, Cs (ee 
9) Pe ee Se Se ees 
7 1 5 aR 70 
y Aja C254 pe 
11 0 -1 11 ae 1 
Ara Cur Cig p44 
11 2 —l 13 ot 386 
S ; ; Anta C243 pe 
13 0 1 13 —J 169 
Aira Ci3 Ci Tiree 
5 
1133 il iN AP al ae Yi 


B. Due to Quadrature Component of Armature Current 
Order of Amplitude and Phase of 


n m k, |Flux Wave Fundamental Voltages 
1 0 1 1 —jAug por 
wel 
1 2 1 i Be ee 
: 2 
A ‘Aig Cs pov 
5 greet 5 -~j 
AiaC; Cr ps 
2 —1 7 — 7 —.o 
70 
Aig Cr pet 
7 0 1 vf noe me 
Fig. \ 20—Vectror Diacram—UsvuaL ConvENTIONS F , fs Le Aaa CeO; pve 
r : : 70 
The, diagrams 'show nothing above the 7th, since the vg 
next term involves the 11th and 18th, and is entirely 7 0 Se i = Aira Cn po 
negligible. They are, in other words, only those terms 121 
which involve second harmonic permeance coefficients __ i Ws eee Serie 
for m. m. f. space orders > 1.0, such as pV, p2"1, ete. 11 2 —1 13 Ea) 286 
They are given in eq. (7c) Appendix C. It will be ae 
observed in Fig. 16D that the only such terms are 13 0 1 13 ¥ Aig C733 po 
0.014 ta p Cs C, 169 
0.014 ta jie OF C, te 2 1 11 bas Ci3 Cu jae 
286 


27. In the diagram, currents are substituted for corresponding 
armature reactions. In the above terms, Aig = 7qgand Aiq =7g. See ‘‘notation.”’ 
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These are reversed with respect to the other voltages 
produced by 7. The corresponding terms produced 
by 7, are, 

0.0142, p¥2 C3; Cy 
0.014 2, ps 1205 C; 
which add on to corresponding voltages produced by 27,. 

What about the magnitude? The product C;C; 
may be of any value between zero and a maximum 
value = 1.0 for a three-phase machine. It is zero if the 
coil pitch is either ‘/; or ®/;, and greatly reduced for 
other pitches. It is greatly reduced also by coil 
distribution.2 The permeance coefficients p.’ and 


oto 1g 1/4 3/g VY 


EQUIVALENT AIR GAP, AS FRACTION OF MINIMUM GAP 


0 


21—PERMEANCE DISTRIBUTION DETERMINED FROM FIELD 
Auso EquivaLeNnT AIR-Gap 


Fic. 
Puorts. 


p21! are of the order of 50 per cent of po'. Thus the 
maximum possible value of each term is of the order of 
Y of one per cent of the armature reaction voltage due 
toz,ortoz,. This would give a maximum variation in 
leakage reactance voltage with pole position, of the 
order of + 1 per cent of the armature reaction voltage; 
and in many cases, on account of fractional pitch, ete., 
it would be practically zero. Therefore the conclusion 
is that in many salient pole machines the variation 
in leakage reactance with pole position is entirely 
negligible, and is of small magnitude in any case 
approaching the usual design practise. 


PRACTICAL APPLICATION OF RESULTS 


The application of the method given here requires 
numerical data for the zero and second space harmonic 
28. Of course it would be zero also for a pitch of either 2/5 


or 4/7, ete. 
29. C. A. Adams, Bibliography 10. 
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TABLE II 


CompaRIsSON oF Prrmpances OBTAINED Directty From 
Fieutp Piors, AND DreriveD From Fas. 10 anp 21. 


Values 
from Values Derived from 
plots Figs. 10 and 21 
Poer 0.67 p, 
| 0.66 p%, 
Posed ONGTope, 
Pre! 0.43 p% 
0.44 p°, 
Poet 0.47 p, 
PocY 0.74 pg 
0.73 p°, 
Dos 0.73 p, 
Docv 0.38 p%, 
0.37 p, 
px” 0.87 p% 
min. gap wi 02 pole ae 5 2 
pole pitch pole pitch 3 
—— gap = 1.5 pe = 1.5 pot 
min. 


of permeance for each significant harmonic m. m. f. 
The harmonic m. m. fs. are easily computed, and are all 
expressed in Table I in terms of the fundamental 
m. m. f. component. But the permeance coefficients 
must be determined from field plots®® such as shown in 
Figs. 5,6, 7,8 and 9. From such plots, the permeance 
curves are determined and analyzed to obtain the 
required value of the average and the second harmonic 
coefficients. Partial analysis of these particular plots 
is shown in Fig. 21. 

In order to avoid having to plot, as above, the flux 
distribution for each significant harmonic, including the 
fundamental, an approximation is made as follows: A 
plot is made for the zero harmonic, as in Fig. 5, which 
results are shown also on Fig. 21. In addition the latter 
shows a curve of “equivalent air-gap,”’ taken as the 
reciprocal of the permeance for the zero harmonic. 
From this and the curve in Fig. 10, derived in Appendix 
B, the permeance curves for any harmonic can be 
obtained, as in Fig. 11. These are then analyzed for 
the zero and second harmonic. The results thus 
obtained for the particular case here illustrated are com- 
pared in Table II with those obtained directly from the 
plots and are also compared in complete curves}in 
Fig. 12. It will be noted that the agreement is very 
satisfactory. The only discrepancy worth noting is 
between p..' and p2.!, which are, from plots, respec- 
tively 0.43 and 0.47. The value derived from Figs. 10 
and 21 is 0.44. 

30. Comprehensive treatments of flux plotting are being 


prepared by engineers of the General Electric Company, for 
presentation at an early date. 
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The above smplifying assumptions are fully dis- 
cussed in Appendix B. 

The general plan, therefore, is to obtain a permeance 
curve for the zero harmonic for the machine under 
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consideration, and from that, the “equivalent air gap” 
curve. Then with the aid of Fig. 10, plot a group of 
curves as in Fig. 11. An analysis of these will give the 
required po” and p.”. 


Research Relations Between Engineering 
Colleges and Industry 


BY W. E. WICKENDEN: 


Member, A- I. E. E. 


N our present easy-going attitude toward language, 
we are tempted to use the word “‘research”’ to mean 
so many things that we have no word left to mean 

research. The effort to sell a research program to 
industry has induced us to translate the word into such 
unmistakably practical terms as “‘in a word it is inven- 
tion,” to quote a recent official pamphlet. 


In the present discussion it is probably safe to assume 
that we are dealing only incidentally with disinterested 
pioneer work in the realm of pure knowledge, which 
is the scientist’s calling. Engineering is always utili- 
tarian and concrete, and most engineers abandoned the 
alternative of becoming physicists, chemists or mathe- 
maticians in order to become engineers. This observa- 
tion holds for professors as ‘well as practitioners. Every 
professor of engineering worthy of the title, however, 
is qualified to investigate engineering problems involving 
elements of novelty which call for extended observation, 
refined technique, and a resort to fundamental princi- 
ples. The indications are that both the men and facili- 
ties available for these purposes in the engineering 
colleges are now being utilized very inadequately, to the 
detriment of both industry and education. 

A fairly complete survey of the engineering colleges 
in the United States shows that not less than 58 have 
organized arrangements for research, at least on paper. 
Included in this number are 41 institutions which have 
organized plans through which the services of the engi- 
neering staff are made available in consulting capacities 
to industries, public service utilities and others. If we 
include those institutions in which research is fostered 
on a purely individual basis, the total rises to 110. 

The total expenditures of the organized research 
departments are not less than $1,250,000 per annum 
and may reach as high as $1,500,000. Of such expen- 
ditures in the academic year 1924-’25, approximately 
11 per cent represented direct appropriations for 
research by the several states, 40 per cent funds al- 
lotted by the colleges from their general funds, and 49 
per cent funds derived from outside sources, princi- 


*Director of Investigation, Society for the Promotion of 
Engineering Education, 33 West 39th St., New York City. 

Presented at ‘the A. I. E. E. Regional Meeting of Dist. No. 5, 
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pally from public, professional and _ industrial 
organizations. 

At least 34 institutions have full-time research staffs, 
with between 250 and 300 men so engaged. To this 
number may be added about 350 more who render part- 
time research service for definite compensation and 
about 200 who give part-time service in organized 
departments without special compensation. The num- 
ber engaged on a purely individual basis is difficult to 
estimate. 

Impressive as these totals are, it must be remembered 
that there are two corporations in the electrical industry 
which spend on research more than double the total 
outlay of the engineering colleges and that at least two 
in other. fields exceed the total of the colleges. Organi- 
zations at this end of the industrial scale are unlikely to 
turn to the engineering colleges to get their problems 
solved. Big business can probably be induced to give 
support to organized investigation in engineering 
colleges only on the plea that such activity is necessary 
in order to maintain the proper setting and staff for the 
training of the grade of engineers big business requires. 
Pure research rather than engineering investigation 
seems likely to get the bulk of the financial assistance 
from this source, and it seems probable that it will be 
disbursed through some intermediary or clearing house, 
instead of passing directly to individual colleges or 
professors. The present campaign of the National 
Academy of Sciences for a national research endowment, 
under the leadership of Mr. Herbert Hoover, is working 
successfully on this principle. 

At the other end of the scale are innumerable, small 
units of industry which live from balance sheet to 
balance sheet, with no consciousness of research needs 
and little margin for the support of research activities. 
Such organizations occasionally meet acute problems 
outside the scope of their normal routine and staff. 
When these emergencies call for investigation, a college 
professor or laboratory staff may fit the need admirably, 
but is this not first aid rather than research? 

Many of these smaller units of industry are concerned 
with the traditional arts rather than with the applica- 
tions of modern science. They are likely to remain deaf 
to any appeal to support research for the sake of repay- 
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ing their debt to science or for the sake of maintaining 
a wide margin between pure knowledge and practical 
invention. It is just these industries, however, which 
are most apt to be handicapped by the decline of 
sporadic invention and likely to profit most relatively, 
from an adequate program of research. Support for 
such investigation is not to be expected from the single 
units of such industries, but their state and national 
trade associations are the natural agencies to foster 
such activities. There are attractive possibilities of 
dividends in the form of better methods, economies and 
more exact control in the present state of the art. 
Research, looking in advance of the present art, is aform 
of mutual insurance covering the risks of supersession 
or revolutionary changes in the art. 

A recent report of the Babson Statistical Organiza- 
tion announced that an English factory was testing out 
the production of a flexible, colorless, resilient, non- 
inflammable glass of organic origin. It went on to say: 

“The point of this letter, however, is not only 
about glass. This is but one of numerous far- 
reaching discoveries which have recently been 
reported. We believe that business is entering an 
era of the most rapid and revolutionary changes in 
the chemistry and physics of manufacturing. To 
those who are quickest in taking advantage of such 
discoveries, they present unlimited opportunities, 
but the manufacturer, merchant or investor who 
is asleep to these changes will be hurt. 

“The time has passed when advertising alone will 
get sales. The two best salesmen today are ‘a 
better product’ and ‘a cheaper way of making it.’ 
Research opens the way to both. Furthermore, 
since the most deadly competition is not between 
concerns, but between industries, we urge clients 
to combine their energies with others in the same 
line of business. This saves duplication of efforts, 
leads to maximum results and keeps one best 
informed about all impending developments. 
Make use of the help which the United States 
Bureau of Standards at Washington stands ready 
to give you, and also that of other technical 
organizations of high standing. Cease worrying 
about gaining the temporary advantage of exclu- 
sive patents, and combine your resources in the 
way that will do most to permanently help your 

industry.” 

It is significant that the occasion which brought the 
above report to the writer’s desk was a request from its 
authors for a complete list of the engineering colleges 
with facilities for organized research in cooperation with 
industry. The writer is strongly of the opinion that 
trade and industrial associations offer by far the most 
promising agencies through which to promote industrial 
cooperation with the colleges in engineering research. 
The support of such activities by individual corpora- 
tions is apt to be sporadic while trade associations can 
effectively maintain a continuing relation. The results 
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of work supported by individual corporations are apt 
not to be widely disseminated or used. A good deal of 
such support is frankly on a courtesy basis, without 
a vital interest in its effectiveness or utilization, and 
with little genuine collaboration between the college 
and the industry. 

A trade association, administering its funds in trust 
for its constituency and genuinely concerned to show 
a good return for the investment, provides an excellent 
medium for the joint shaping of research projects and 
a widely ramified channel through which to disseminate 
results. It would seem that the most fruitful result may 
be expected when a trade association concentrates 
its cooperative program at a single college, or at a 
small group of institutions at most. Such work ought 
not to be located on a courtesy basis or split up on a 
political basis, but should seek to capitalize distinctive 
advantages of men, plant and environment. There is 
a definite loss when such resources are spread over many 
institutions as a fairly ineffectual mist, when they might 
be concentrated into a fairly powerful stream. In this 
respect the European situation is far better ordered 
than our own. The policy of concentrating resources 
abroad has led to the upbuilding of a group of notable 
and distinctive research centers which are the principal 
factor in attracting and holding to educational and 
research work the outstanding authorities in the several 
fields. The result has been to give the several institu- 
tions an individuality quite unknown among us. 

The writer does not feel that the colleges can rest their 
case for industrial backing for their research programs 
on the needs of the colleges or on an assumed sense of 
obligation on the part of industry to see that the colleges 
obtain the men, money and facilities needed to do their 
best work. The industries recognize these obligations 
rather vaguely, and when confronted by the competing 
pleas of 100 to 150 institutions are justified in feeling 
rather helpless. The Babson report, however, speaks 
in the tongue which industry understands and to which 
it responds. 

The work being done at Cincinnati in cooperation 
with the Tanners’ and the Lithographers’ national 
organizations, the power brake studies at Purdue in 
cooperation with the American Railway Association, the 
studies in warm air heating and ventilating at Illinois, 
and the great project of the Portland Cement Asso- 
ciation in association with Lewis Institute are worthy 
examples of adequately supported, nationally backed 
and effectively concentrated research programs, involv- 
ing real collaboration between colleges and industries 
and leading to results of great significance and value. 


A 7,500,000-c. p., 900-watt searchlight is being in- 
stalled on the Broadmoor Hotel’s Summit House on 
Cheyenne Mountain, overlooking Colorado Springs 
and Manitou, Colorado. The highest beacon in the 
world is said to be the 5,000,000-c. p. aviation light on 
Sherman Hill, Wyoming, 8600 ft. above sea level. 


A Flux Voltmeter for Magnetic-Tests 


BY G. CAMILLE: 


Associate, A. I. E. E. 


Synopsis.—A voltmeter is described for a-c. circuits the voltage 
indications of which are directly proportional to the maximum 
flux density, regardless of the wave shape of the voltage. While 
the instrument is suitable for many varieties of magnetic tests, its 
most important application is to the reduction of transformer core- 
loss measurements to sine-wave basis. Test data indicate excellent 
accuracy for the meter in this application in comparison with other 


schemes or outfits used at the present time for that purpose. Losses 
determined by this new meter are, in general, appreciably larger 
than those determined by the older methods. 

The new meter makes it unnecessary to use, for reliable results, 
large generators to reduce the wave distortion caused by transformer 
excitation loads, and permits the use of any generator that will 
carry the load thermally. 


INTRODUCTION’ 


HIS paper describes a voltmeter for a-c. measure- 
ments designed so that its indications are directly 
proportional to the maximum value of a-c. mag- 

netic flux regardless of wave shape. It is graduated in 
terms of equivalent effective sine-wave voltage, so 
that at any wave shape the maximum magnetic flux 
is the same as the maximum value of sine-wave flux 
generating a sine-wave voltage of the same effective 
value as the indication of this voltmeter. The instru- 
ment is particularly useful in core-loss measurement and 
for exploring alternating-flux magnetic networks. It 
is useful also for the determination of the form factor of 
a-c. voltages, and, with slight modifications, the form 
factor of alternating currents. 

It is recognized that certain circuit characteristics are 
functions of the maximum value of the alternating 
wave. For instance, hysteresis loss and also magnet- 
izing current to a large extent are functions of the 
maximum flux density, not functions of r. m. s. values of 
current, voltage or flux. The problem of measuring 
this maximum flux has not been satisfactorily solved by 
other methods though ballistic galvanometers and 
core-loss voltmeters or correction outfits have been 
developed and used for the purpose. The ballistic 
galvanometer is not well suited to a-c. measurements, 
and core-loss voltmeters have serious limitations as 
will be pointed out later. 

The instrument developed by the writer for this 
purpose, called a flux voltmeter, consists essentially of 
a rectifier in series with a d-c. voltmeter. Across these 
two in series is impressed the voltage which is generated 
in a coil surrounding the core under test in which the 
alternating flux exists. Under this condition, the 
voltmeter indications, as will be proved later, are 
proportional to the maximum magnetic flux in the core. 


THEORY OF THE INSTRUMENT 


The principles underlying the functioning of the flux 
voltmeter are two: 

First, in an a-c. circuit, the maximum alternating flux 
density is proportional to the arithmetic average value 
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of the reactive voltage drop regardless of the wave 
shape of the voltage, provided the wave does not cross 
the zero line more than twice per cycle. 

Second, if an alternating voltage is rectified without 
changing the wave shape, and is impressed on a d-c. 
voltmeter, the meter indication is proportional to the 
arithmetic average value of the rectified wave which 
is the same as the arithmetic average value of the 
unrectified a-c. wave. 

The proof of the first theorem is as follows: 

Let e be the instantaneous voltage consumed in the 
inductance of a circuit, and ¢ the flux associated with 
that circuit. By elementary theory, 


do 
6 = KG di (1) 
where K is constant of the circuit. It follows from (1) 
that 
edt=Kdo 
Sedt=K fide 


The integral of d ¢ is obviously the change in the flux; 
and its maximum value, that is, the maximum change 
in flux, is obtained by finding the maximum change in 
the integral of edt. Referring to Fig. 6, the integral 
of edt is the area of the voltage wave (alternately 
positive and negative, plus a constant of integration), 
and the maximum change in f edt is the area of half 
a cycle of the voltage wave. Thus, 

to ¢@ upper limit 


fedt=K fag 


ty @ lower limit 
= K times the maximum change in flux. 
The area of one-half cycle of the voltage wave may 


be also determined, however, if we know the average 
voltage, by the equation, 


ili edt = area of half-cycle 


= Carg (to = ty) 


The maximum change in flux is therefore propor- 
tional to e€.,, since (t.— ¢t:) is a constant, being the 
duration of half a cycle dependent only on the fre- 
quency of the circuit. Since, also, the flux density is 
proportional to the total flux, the maximum a-c. flux 
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density, B,.a2, must be proportional to the maximum 
total a-c. flux, maz, and thus we have, 

Byazis proportional to €,y,. 

The factor of proportionality is taken care of as 
follows: the meter scale being graduated in terms of 
effective sine-wave voltage, it follows that the alter- 
nating flux density in the circuit under test corre- 
sponds to an effective sine-wave voltage of the same 
equivalent value as the indication of the flux voltmeter. 
In other words, for any given wave shape of voltage, 
the flux voltmeter indicates its equivalent sine-wave 
‘ value, which would cause the same maximum flux or 


Vv 
Impressed Voltage } | 
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flux density. On pure sine-wave voltage, the indica- 
tions of the flux voltmeter are naturally identically the 
same as those of an ordinary r.m.s., a-c. voltmeter. 
In fact, the meter is calibrated in this way. 

The reason for the limit to wave distortion mentioned 
above, namely, that the wave must not cross the zero 


Impressed 
Voltage 


more than twice per cycle, may be understood as follows. 

Considering the positive half cycle of the voltage 
wave, assume that this dips through the zero and {has a 
negative portion. The positive portions of the half- 
cycle will add to the flux in accordance with the integral 
of edt, and the negative portion will subtract by the 


Tmpressed Voltage 
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same integral. Since the flux voltmeter rectifies the 
entire wave, this small negative portion will also be 
rectified and instead of reducing the voltmeter reading 
will increase it. The reading of the voltmeter, there- 
fore, even though it still represents the arithmetic 
average of the voltage wave, will not truly represent 
the maximum of the flux wave. This limitation, how- 
ever, is hardly a handicap because it is almost incon- 
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ceivable that a commercial voltage wave could be so 
distorted as to cross the zero more than twice per cycle. 

Description of the Instrument. The practical con- 
struction of an instrument to meet these requirements 
is quite simple. Vacuum tubes are used for rectifi- 
cation, and a high-resistance, d-c. voltmeter to read the 
arithmetic average value of the rectified wave. 

A diagrammatic sketch of the simplest possible con- 


struction is shown in Fig. 1 which shows a single rectifier 
tube in series with a d-c. voltmeter. The voltage to 
be measured is impressed across the voltmeter and 
rectifier in series; and the meter indication is then 
proportional to the integral of the impressed voltage. 

Although the scheme of Fig. 1 is extremely simple, it 
suffers from two disadvantages: first, due to half-wave 
rectification the frequency of the pulsations of the 
rectified wave is one-half of that of the completely 
rectified wave, and it was observed that with 25-cycle 
impressed voltage, the needles of some voltmeters would 
vibrate like a frequency-meter reed. The second dis- 
advantage is that with half-wave rectification the deflec- 
tion of the meter is reduced to one-half. To increase 
the deflection would require a reduction in the resis- 
tance of the meter to one-half, double the current, all 
double the losses,—all of which would be undesirable. 

The scheme shown in Fig. 2 using two tubes and an 
auto-transformer for rectifier yields full-wave recti- 
fication and better characteristics in general, except 
that the exciting current drawn by the shunt auto- 
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transformer might be objectionable, especially when 
instrument transformers are used. 

The connection found most satisfactory is shown 
diagrammatically in Fig. 8, consisting of a four-tube, 
full-wave rectifier in combination with a d-c. voltmeter. 
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The instrument used for the investigations described 
below was constructed in accordance with the scheme 
of Fig. 3. Fig. 4 is a reproduction of a photograph of 
the outfit, showing the rectifier and voltmeter in sepa- 
rate cases, although some units now under construction 
incorporate the rectifier and voltmeter in one case. 
Fig. 5 shows the contents of the rectifier unit,—four 
vacuum tubes and one filament-current transformer. 
The purpose of the filament-current transformer is to 
obtain the necessary filament current from the lighting 
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circuit instead of from the circuit under test. To draw 
this current from the circuit under test would be doubly 
objectionable: it would load the potential transformers 
in the circuit unnecessarily and reduce their accuracy, 
and it would change the calibration of the instrument 
with varying load voltage. Supplying the filament 


excitation from a lighting circuit eliminates both these 


difficulties, especially the latter, inasmuch as variations 
of the voltage of the lighting circuit, within the range 
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of 110 to 125 volts, have no sensible effect on the cali- 
bration of the instrument. 

The voltmeter is graduated in terms of equivalent 
effective r.m.s. sine-wave voltage, so that the maxi- 
mum flux density in the core under test is the same as 
the maximum flux density for an r.m.s. sine-wave 
voltage of the same value as that indicated by the 
flux-voltmeter. 

The constants of the tubes, meter and transformer 
are as follows: 


Me iced Voltage Wave. 


oS zk Fos FRELOK = 404 Crest father -% 57. 
Bigst 


Tubes: Radio Corporation of America type, U X- 
120 tubes, well known to the radio public. Although 
this tube is of the three-element type, its grid and 
plate are connected together so as to act as a single 
electrode for rectification. The resistance of the tube 
in this connection is of the order of 5000 ohms. 
Rated filament voltage three volts, filament current 
0.125 amperes. 

Transformer: primary rated 110—125 volts, 25—60 
cycles; four secondary windings, one for each tube, each 
rated 8—8.75 volts. 

Voltmeter: d’Arsonval type, d-c. voltmeter, resis- 
tance 178,000 ohms. Scale 150 volts, equivalent sine- 
wave voltage. 


EFFECT OF TUBE RESISTANCE 


A voltmeter circuit always has a large series resis- 
tance incorporated within the voltmeter box. Tube 


992 


resistance, therefore, not only is not a handicap but is 
a useful element, furnishing some of the desired resis- 
tance to the voltmeter circuit. In fact, were it not for 
the variability of tube resistance, it would have been 
desirable to use sufficiently high-resistance tubes to 
replace and eliminate all other series resistance. It is 
known that tube resistance varies with plate voltage, 
however, and therefore the tubes were chosen so as to 
make their resistance a small fraction of the total resis- 
tance of the voltmeter circuit. In the outfit described 
above, the tube resistance is only about five per cent 
of the total resistance, and therefore any little varia- 
tions in the tube resistance are imperceptible in the 
total resistance. | 


ACCURACY OF THE FLUX-VOLTMETER 


The accuracy of the flux voltmeter in measuring the 
average value of any given voltage was tested both by 
the writer and by the Bureau of Standards and in both 
instances was found to be very satisfactory. Our tests 
consisted of (a) form-factor tests checked by oscillo- 
graphic analyses, and (b) tests of application to core 
loss measurements. 

FoRM-FACTOR MEASUREMENTS 


The form factor of a wave is defined as the ratio of 
the r. m. s. value of the wave to its arithmetical aver- 
age value. Since ordinary a-c. voltmeters give the 
r.m.s. value, and the flux voltmeter the arithmetical 
average value, the form factor of a given voltage wave 
may be obtained by means of these instruments. The 
value so obtained may be checked oscillographically 
by computing from an oscillographic record of the wave 
both its effective and its average values in accordance 
with well-known methods. Since the flux voltmeter is 
graduated in terms of equivalent effective sine-wave 
volts, and since the form factor of a sine wave is 1.11, 
it follows that the form factor of a distorted wave is: 


a-c. voltmeter reading 
flux-voltmeter reading 


form factor = 1.11 x 


The foregoing method of test and checking was 
applied to seven different wave shapes obtained on 
different generators under different conditions of load- 
ing, with results as follows: 


Form Factor 
Exciting Cur- 
rent Load on By Flux 
‘items the Generator By Oscill. Voltmeter Figures 
Per Cent 

1 20 Leo i231 6 
2 ve IU NESS 1.128 7 
3 30 1.148 1.149 8 
4 6 1.128 1.122 9 
5 55 LeLs 1,18 10 
6 18 1.14 LD 11 
uf 22 il 313 Lets 12 


Those who are familiar with oscillographic analyses 
will appreciate the great difficulty of obtaining precise 
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results. In view of this fact, and also in view of the 
possible small errors of the a-c. voltmeter used, the 
foregoing tests may be considered excellent commercial 
checks on the commercial accuracy of the flux voltmeter. 
The instrument is really much more precise than these 
tests seem to indicate, as the Bureau of Standards tests 
show. 

The analyses of the oscillograms were made by a 
different person who had no knowledge of the form 
factor obtained by the flux voltmeter, in order that the 
observations might be unbiased. 


MEASUREMENT OF TRANSFORMER CORE LOSS 


The Institute rules provide that the efficiency rating 
of transformer shall be based on sine-wave operation. 
Although certain classes of transformer losses, such as 
the ohmic loss of the conductor, are not affected appre- 
ciably by ordinary variations in wave shape, it is known 
that core loss is seriously affected by the wave shape of 
the impressed voltage. Since it is difficult to obtain 
sine-wave voltage on a commercial scale for the testing 
of transformers, particularly for the condition of excit- 
ing current loads which tend to distort the generator 
voltage, some scheme that will reduce core-loss tests 
to a sine-wave basis is a necessity. The flux voltmeter 
was developed primarily for this purpose. The gradua- 
tion of the scale in terms of equivalent effective sine- 
wave voltage is particularly useful for this purpose. 

The principle of the application of the flux voltmeter 
to core-loss measurement is based on the fact that if the 
rated excitation voltage is set by the flux voltmeter at 
the rated frequency, the maximum flux density in the 
core corresponds to the rated sine-wave voltage excita- 
tion, even though the actual impressed voltage may be 
badly distorted. 

The maintenance of the correct rated maximum flux 
density in the core by this means assures that the 
hysteresis loss of the core will correspond to the rated 
sine-wave voltage, because hysteresis depends on the 
maximum flux density. 

Aside from the hysteresis loss, a core has also eddy- 
current losses. 

Comparing the two types of losses we find that, in 
general, 


(a) The eddy-current loss in laminated transformer 
cores is much smaller than the hysteresis loss, the eddy- 
current loss being of the order of one-quarter of the 
hysteresis loss. This difference in magnitude empha- 
sizes the much greater importance of obtaining the 
hysteresis loss correctly than of obtaining the eddy-cur- 
rent loss correctly. 


(b) While hysteresis loss varies as a complicated 
function of the density, the eddy-current loss varies 
substantially as the square of the effective r.m.s. 
voltage. So by means of the flux voltmeter we obtain 
the hysteresis loss correctly, and by means of an ordi- 
nary r.m.s. voltmeter we are able to make correction 
for the eddy-current loss. 
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(c) For a given line of sheet steel, the hysteresis 
loss per pound may vary a great deal depending on the 
annealing process and handling, but the eddy-current 
loss is relatively very slightly affected by these factors. 
This means that the eddy-current loss of a line of steel 
may be considered fairly constant without serious error, 
and hence, calculated corrections applied for it, when 
necessary, as described below. 

When the excitation voltage is set by the flux volt- 
meter, the desired maximum flux density, and hence the 
correct hysteresis loss, is obtained. If the voltage 
wave is distorted, however, the a-c., r. m. s. voltage will 
be different from the flux voltmeter voltage, and there- 
fore the actual eddy-current voltage under test will be 
different from that corresponding to the rated sine-wave 
voltage in the ratio 


True eddy loss ( 


r.m. 8s. voltage i 
Observed eddy loss 


flux voltmeter reading 


A correction, therefore, has to be applied for the changed 
eddy loss. The method used in the tests described 
below was as follows. If, in a normal sample at sine- 
wave voltage, the percentage values of the eddy and 
hysteresis losses are known over the desired range of 
densities, then, if the eddy-current loss is left unchanged 
and the hysteresis loss altered and if for the test purpose 
the voltage is set by the flux voltmeter, it follows that 
the 


True sine-wave core loss 


Observed total loss « 100 
Per cent hysteresis + k * per cent eddy loss 


where k is the square of the ratio of the a-c. voltmeter 
reading to the flux voltmeter reading. The relative 
values of the eddy and hysteresis losses in the iron 
sheets may be obtained from the Epstein test?. 


2. Since the preparation of this paper, an excellent method 
used by the Bureau of Standards has come to the attention of the 
writer in which no assumption whatever is made about the 
percentage values of the eddy and hysteresis losses but two 
measurements are made at different wave shapes to obtain the 
separation of the actual eddy and hysteresis losses. The 
method, of course, involves the use of either the flux voltmeter 
or its equivalent in some form. The method is quite simple. 

The core loss test is made at two different wave-shapes, setting 
the voltage by the flux voltmeter. Assume that W, and W», are 
the observed total losses, and #; and #, the corresponding ob- 
served effective a-c. voltages. Then the true total core loss W, 
for the rated sine wave voltage H,; indicated on the Flux Volt- 
meter is 


Wills? — Bs?) + We Hi? — Be” 
ee = Ie 


This is derived from the following basic equations :— 

Wi, = H + Wo EE? 

W2 i IBE + Wo EK? 
in which H is the hysterisis loss and is the same at both wave- 
shapes for the same flux voltmeter voltage; while W> is the eddy- 
current loss for unit effective voltage, and when multiplied by the 
square of the actual effective voltage gives the total eddy-current 
loss for that test. 


Ws = 
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The fact that the percentage eddy loss varied at 
different densities is to be taken into consideration by 
using the characteristic curve of the material similar to 
the sample characteristic curve shown in Fig. 13. It is 
to be granted that in large built cores the ratio of eddy 
to hysteresis is not necessarily exactly the same as in 
small samples, due to increased intersheet eddies result- 
ing from the closer contact of the sheets under pressure 
from highly tightened bolts. Large cores, however, 
have also increased hysteresis loss due to pressure of 
bolts and other reasons, so that in large cores the ratio 
of eddy to hysteresis probably does not increase as 
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much as one might expect. Furthermore, it may be 
shown by an example that the error that may result 
from this variation is not very large. 


EXAMPLE 


Flux voltmeter setting 
Actual r. m. s. voltage 


b= ( 


True core loss = Observed loss 


100 per cent rated voltage 
105 per cent rated voltage 


r.m.s. voltage 
Flux voltmeter voltage 


) = 1.10 


( 100 ) 
Per cent hyst. + k per cent eddy 
If the eddy loss is 20 per cent, 


100 


True core loss = Observed loss (F meiaeeeen 


100 


= Observed loss 02, 


The correction for error in the eddy-current loss thus 
amounts to two per cent. If the flux voltmeter were 
not used at all and no correction applied, the observed 
loss would be about ten per cent in error. ae 

To show that the assumption of a considerably dif- 
ferent percentage value of eddy loss would not affect 


the foregoing result appreciably, we may suppose that 
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the percentage is 30 instead of 20 and recalculate the 
true loss. We would then have 


100 ) 
True loss = Observed loss (ee + 1.10 x 80 


100 
103 


Comparing this with the previous result, it will be 
observed that a 50 per cent error in the percentage value of 
the assumed eddy loss has influenced the final result by 
only one per cent. 

Test Data. In the data tabulated below, a given 
transformer was tested on two or more generators of 
widely different wave shape, thus using the degree of 
agreement among the results so obtained as a measure 
of the accuracy of the instrument in this application. 
An attempt was made, of course, to make one of the 
wave shapes in each instance as near sine wave as 
possible and the other, or others, as distorted as possi- 
ble. Oscillograms of wave shape are shown for each 
instance. Furthermore, to give to the reader an idea 
as to how much the wave-shape error would have 
amounted to if no attempt at correction for wave shape 
were made, the losses observed when the voltage was 
set by an a-c., r.m. s. voltmeter are also given for 
each instance. 

Since in these tests the comparative values of the 
losses rather than their absolute values are of interest, 
the loss data, to facilitate comparison, have all been 
reduced to percentage values calling one of the readings 
as 100 per cent. 


= Observed loss 


TABLE I 
Trans. | Generator | Per cent | Core Loss | Core Loss Oscillo- 
Ky-a. Ky-a. Load on with without gram 
Item | Rating Rating Generator | Flux-volt | Flux-volt Fig. 
Per Cent | Per Cent 
Nort) 1,500 500 20 100 81.6 6 
"3 1.500 7 100 94 uf 
No.2) 1,667 500 30 100 88.5 
* 3,000 5 100 94,2 9 
No.3} 8,000 500 55 100 87.8 10 
se 1,500 18 100.5 92.2 A by 
12,000 262 99.5 98 12 
No.4 10,000 500 50 100.3 83 
se 3,000 9 100 93 —- 
12,000 Pe 100 101.5 
No. 5| 28,866 1,500 45 100 82 
ee 24,000 3 100 8 


These data would seem to’ indicate excellent com- 
mercial accuracy for the flux voltmeter, inasmuch as 
practically the same result is obtained no matter how 
distorted or how pure the waveshape is. The dis- 
tortion of the wave in some instances was so great 
(see item No. 1) that more than 18 per cent error would 
have existed in the core-loss measurement if the 
voltage had been set by anr. m. s., a-c. voltmeter. 


COMPARISON WITH OTHER METHODS 
Two very similar methods have in the past been 
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used for the purpose of reducing core-loss measurements 
to a sine-wave basis. It may be of interest, therefore, 
to present data as to how the accuracy of the flux- 
voltmeter method compares with theirs. 

In the two older methods, use is made of a little 
“Standard” transformer the core loss of which has been 
calibrated on pure sine-wave voltage. In both methods, 
this ‘‘standard” transformer is excited, through po- 
tential transformers when necessary, in parallel with 
the power transformer under test. In one of the 
schemes, the voltage of the circuit is adjusted to a 
value such as to make the core loss of the “‘standard”’ 
the value corresponding to the desired sine-wave 
voltage. In the other scheme, the desired voltage is set 
by an r. m. s. voltmeter and the actual losses in both 
the power transformer and the little ‘‘standard”’ are 
observed. The factor which would convert the ob- 
served core loss of the little standard into its sine- 
wave value (known from its calibration curve) is used 
to convert the observed loss of the power transformer 
to sine-wave basis. 

Tests indicated in Table I for the flux voltmeter were 
repeated, making corrections by these two schemes. 
The items in the following tabulation refer to the same 
apparatus and conditions as the corresponding items in 
Table I. 


TABLE If 
Core Loss by 
Flux- 
Voltmeter Scheme No. 1 | Scheme No, 2 
Per Cent Per Cent Per Cent 
Item No. 1 100 90 nw 
100 95 95.4 
Item No. 2 100 93. 94.2 
100 95.3: 98.2 
Item No. 3 100 95.2 98.8 
100.5 97.6 99.2 
99.5 99.2 102. 
Item No. 4 100.3 95 96 
100 97 103.5 
100 109 ABE 
Item No. 5 100 90.2 93 .6 
100 97.4 97.4 


It is interesting to note that (1) core-loss measure- 
ments made by the older schemes are influenced a great 
deal by differences in wave shape and that with badly 
distorted waves they would be very unreliable, and 
(2) that in eleven cases out of twelve, the losses 
obtained by the older methods were considerably less 
than those obtained by the flux voltmeter (and the 
one instance, in which they were more) me be some- 
what doubted. 

Outfits of this type have no doubt served an excellent 
purpose in the past, and even now, when the wave 
distortion is not large, they may give results which are 
entirely satisfactory. On the other hand, however, 
it appears that conditions have so changed in recent 
years that the average accuracy which was obtained 
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by the aid of such outfits five or ten years ago is not 
readily obtained under present conditions. The rea- 
sons for this may be seen as follows: 

1. These older schemes do not attempt to maintain 
a known flux density in the core, but aim at drawing 
inferences from the losses of a small unit to the losses of 
the main transformer. If the two transformers were 
operated at the same density, this might be possible, 
assuming that other conditions are favorable. It is 
not practicable, however, to duplicate the density of the 
main transformer in the auxiliary ‘“‘standard’”’ core, 
and therefore the greater the difference in density the 
less reliable is the result. Scheme No. 2 described above 
utilizes an extra theoretical correction based on the 
difference in the density of the two transformers and it 
will be observed that it gives, in general, more correct 
results than scheme No. 1. Still, it is not by any means 
as consistent and accurate as the flux voltmeter. 


2. Transformer sheet steel is constantly being 
improved, so that hysteresis characteristics and the 
eddy-current ratio are modified as time goes on, and the 
assumed “‘standard” core, even when operated at the 
same density as the transformer under test, ceases to be 
representative in a short period of progress. Even ata 
given time, a great variety of sheet steels are used, and 
it would be impossible for a given ‘‘standard”’ core to 
duplicate the characteristics of them all. 

3. Although the kv-a. capacity of transformers built 
in recent years has steadily increased, the kv-a. capac- 
ity of generating units used for testing the core-loss of 
the transformers has not proportionately increased, and 
as a result, the core-loss load on generators in testing 
departments is a much larger percentage of their 
capacity and as a consequence the wave distortion is on 
the average much larger than formerly. It may be 
noted that generator voltage wave distortion due to 
transformer exciting current load is far more than that 
due to other loads, on account of the fact that the 
former draws a badly distorted current. Even in 
a carefully designed generator, the harmonics of the 
transformer exciting current will produce a large 
distorted regulation through the usually high syn- 
chronous impedance of the generator. 


APPLICATION OF FLUX VOLTMETER TO ALTERNATING 
FLUX NETWORKS 


In a magnetic network, the flux density in different 
branches may be badly distorted, even with sine wave 
line voltage and sine-wave total flux. In such cases, 
observing the r. m. s. voltages in exploring coils on 
different branches would not indicate the true flux 
densities in the respective branches, whereas voltage 
observations made by the flux voltmeter would defi- 
nitely and correctly indicate the corresponding densi- 
ties regardless of the shapes of the waves, provided, of 
course, that the voltage wave does not cross the zero 
more than twice per cycle. This application is too 
simple to require any further comments. 
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CONCLUSIONS 


1. A voltmeter, suggestively called ‘‘flux volt- 
meter,” is described for a-c. circuits, the indications of 
which are proportional to the arithmetic average value 
of the voltage wave and hence proportional to the 
maximum flux density, if the voltage is the reactive drop 
corresponding to the flux. 

2. The primary application of the instrument is to 
the reduction of the core-loss measurements of trans- 
formers to sine-wave basis. The method is to set the 
desired value of the voltage by means of this instrument, 
in which case the maximum flux density in the core 
corresponds to the desired sine-wave voltage, even 
though the impressed voltage is badly distorted. 
Methods are indicated for taking into consideration the 
error in the eddy-current loss. Accuracy of the meter 
in this application is believed to be within one-half of 
one per cent. - 

3. In comparison with other and older schemes for 
the reduction of core loss to sine-wave basis, it is noted 
that the flux voltmeter has the following advantages: 

a. Its results are unaffected by the rated flux 
density of the transformer core. 

b. It is unaffected by the quality of the core 
material used. 

c. Itisapplicable to all commercial frequencies. 

d. In general, core losses obtained by other 
schemes are smaller than those obtained with the 
aid of the flux voltmeter. 

e. The flux voltmeter puts practically no load 
on the instrument transformers. 

4. The flux voltmeter may also be used for ex- 
ploring alternating flux networks. 

5. The only limitation of the flux voltmeter seems 
to be in those instances in which the voltage wave 
crosses the zero line more than twice per cycle. Such 
distortions of voltage waves, however, are so rare 


commercially that it is difficult to conceive of en- 


countering them in practical core-loss tests. 
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Excellent Seminars for Practising Engineers: 


A Challenge to Engineering Teachers 
BY EDWARD BENNETT: 


Fellow, A. I. E. E. 


TATED in broad and comprehensive terms, the 

S primary responsibility of the engineering colleges is 

for the development of four groups of men; for 
engineering work namely, 

a. Undergraduate students 

b. Graduate students 

ce. Practising engineers 

d. Engineering teachers. 

The responsibility of the colleges of engineering for 
the first two groups is evident and is not discussed in 
this paper. On the other hand, the possibilities of 
educational activities with the third group are just 
beginning to appear on the educational horizon, 
and the question naturally arises as to the grounds for 
listing such activities as a responsibility of the colleges. 

Two considerations seem to warrant our regarding 
educational activities with practising engineers as 
responsibilities, or at least as promising fields of service 
for the colleges of engineering. 

First. An appreciable percentage of practising 
engineers and of engineering teachers contend that an 
adequate foundation for an engineering career cannot 
be obtained in the four-year course. They advocate 
the plan of keeping the engineering students within the 
college walls for an addtional year or two. If this 
contention is well founded, but if, for one reason or 
another, it is not deemed best to require engineering 
students to remain on the campus for a fifth year, it 
seems logical to consider the extent to which it may be 
feasible to carry the college to the young engineer in 
practise. 

Second. It is a commonplace that most engineers 
(and this applies equally to a'l of the professions in- 
cluding the teaching) are unable to keep abreast of the 
rapid scientific developments in their field, and as a 
result are not in a postion to do clean cut effective 
work. There would seem to be a distinct opportunity 
for the colleges to be of service to engineers whose 
training along scientific lines may have been quite 
adequate at the time they entered practise but who 
have come to feel the need of a fundamental re-examina- 
tion of certain fields. 


In view of these considerations and others to be pre- 
sented later, it would seem that the engineering colleges 
should, by trial, determine the feasibility and desirability 
of conducting in nearby engineering centers seminars or 
conferences of one or more of the following types for 
practising engineers. 

1. Professor of Electrical Engineering, University of Wis- 
consin, Madison, Wis. 


Presented at the A. I. E. HE. Regional Meeting of District No. 5, 
Madison, Wis., May 6-7, 1926. 


Type A. Advanced studies of the kind given in 
residence in postgraduate work; studies in mathe- 
matics, physics, engineering subjects, etc. 

Type B. Seminars dealing with recent develop- 
ments, designed to enable he older graduates to keep 
abreast of the scientific advances. 

Type C. Seminars for the discussion, in the light of 
fundamental theory, of 

a. Allied or common research problems 

b. Allied or common design problems 

c. Allied orcommon operating or manufacturing 
problems. 

A brief sketch of two seminars for practising engineers 
sponsored by the University of Wisconsin may be of 
interest. 

Two years ago a group of technical graduates 
of ten or more years’ experience, and all in 
responsible positions in the metallurgical industries, 
requested the opportunity to work for an advanced de- 
gree and to carry on this work in Milwaukee, 85 
miles east of Madison, the seat of the University. 
Since an experimental research in some technical sub- 
ject would be a necessary part of the proposed graduate 
work, the proposal was welcomed because it held 
promise of opening the way to a very desirable type of 
cooperative research between the engineering in- 
dustries and the college. I refer to the type of research 
in which problems are not brought to the college 
laboratory to be solved, but, in which the facilities and 
views of the college, are carried to theindustrial labora- 
tory or the engineering office, and in which the primary 
function of the college in research—namely, the training 
of men in engineering research—is emphasized and is 
given wider scope. The positions held by the eight 
men in this group are as follows: 

Works Manager of the Milwaukee Steel Foundry 
Company 

Vice-president of the Badger Malleable Company 

Works manager of the Globe Electric Company 

General superintendent of the Federal Malleable 
Company 

Metallurgist of the Federal Malleable Company 

Metallurgist of the Glancy Malleable Corporation 

Metallurgist of the Vilter Manufacturing Company 
The significant thing about the list is that these men are 
in competing industries and are cooperating in a highly 
effective manner in the solution of their common 
problems. 

During the past two school years this group has met 
in Milwaukee each Friday evening for a conference 
extending from 7:30 to 10:30, or later, with Professor 
R. S. McCaffery or other members of the Mining 


996 


ba 


Oct. 1926 


or Metallurgical Department.2 On Saturday, the 
professor visits one or possibly two of the members of 
the seminar at his plant or laboratory and discusses the 
research project which is under way. The research 
projects, which were selected by the men themselves, 
are as follows: A study of the reactions which take place 
in a basic steel furnace; an electrical method of rapidly 
determining the quality of the molten metal in malleable 
air-furnaces; the determination and comparison of the 
heat balances of hand-fired, oil-fired and pulverized- 
coal-fired malleable furnaces; the effect of silicon and 
manganese on the properties of malleable iron; and the 
study of the reactions of combustion in a malleable 
furnace for the purpose of obtaining greater accuracy of 
control of the finished product. 

In the conduct of a seminar for the discussion, in a 
fundamental way, of allied questions, the first and 
most difficult problem which presents itself is that of 
getting the members of the group to talk the same 
technical language. This requires a review of the 
experiments, concepts, postulates, definitions, sequences 
and principles which underlie the branch of science 
with which the group is concerned. Accordingly, the 
Friday evening conferences during the first five months 
were devoted mainly to a review of the fundamentals of 
physical chemistry applied to metallurgy. This in- 
volved a study of equilibriums in chemical and metallur- 
gical reactions and of equilibrium diagrams, the applica- 
tion of the phase rule, mass law, atomic structure and 
the velocity of reactions. 

The impression made by this work is indicated first, 
by the fact that some of the concerns listed above have 
established fellowships at the university in order that 
the holder of the fellowship might collaborate with 
the member of the seminar by carrying on supple- 
mentary researches at the university, and second, by 
the fact that some 26 grey iron foundaries operating in 
. the Fox River Valley have formed a local association to 
carry on and finance cooperative research at their 
own plants and in Madison; a similar group of about 
20 grey iron foundries in Milwaukee is organizing to 
carry out a program of the same kind. 

The second seminar was organized at the solicitation 
of electrical engineers in Milwaukee. The men in this 
group, which started with 18 men and ended with 13, 
are electrical engineering graduates with from two to 
six years of experience. During the past year this 
group met in Milwaukee each Thursday evening with a 
professor from the university for a seminar of the A 
type,—a seminar for the discussion of transient phe- 
nomena and waves in electric circuits. This course was 
largely a mathematical development of circuit theory, 
with, of course, constant illustrations of the application 
of the theory to transformers, generators and power 


2. For amore detailed statement of this work, see the paper 
by Professor R. S. McCaffery entitled ‘Research Cooperation 
between University and Industry,’ Canadian Inst. of Min. & 
Met., Vol. XXIX, 1926. 
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and communication systems. As a result of the 
experience of the men with this seminar, courses of a 
sim lar nature have been solicited and will be given 
during the coming year. At least one industrial 
organization has under consideration plans for meeting 
all or part of the tuition expense of its employees who 
successfully complete courses of this kind. 


THE SIGNIFICANCE OF THE SEMINARS TO INDUSTRY 

It may be well to list the significant possibilities to 
industry of seminars conducted by the engineering 
colleges for men engaged in engineering practise. 
They are: 

Such seminars, if available, will enable some gradu- 
ates of four-year engineering courses to obtain a more 
thorough scientific training for engineering work. 

Seminars of the B type might be used to serve as the 
line of communication between the advance scientific 
workers and the main body of engineers, or to enable 
engineers who, in the press of work, have lost touch with 
certain allied fields, to ‘‘“come back”’ in these fields. 

During the apprenticeship period of the first few 
years after graduation, many engineering graduates 
slip in their grasp of mathematical methods and analy- 
sis. A course of the A type, if pursued during this 
period, should be of value in more firmly fixing these 
methods and in warding off the mental slump which 
frequently occurs during a depressing apprenticeship 
period. 

That both industry and engineering education have 
much to gain by closer cooperation in engineering work, 
particularly of the research type, needs no argument. 
The kind of cooperation which has received more atten- 
tion in the past is that in which certain research prob- 
lems have been taken to the college laboratory for 
solution. By seminars of the C type, the views and 
the methods of the college are carried to the industrial 
laboratory, and the primary function of the college in 
research—namely, the training of its own staff and of 
its students in research—is made more apparent and is 
given wider scope. More research for engineering 
teachers both in the college and in industry is badly 
needed. 

Engineering seminars sponsored by associations 
formed by the smaller industrial enterprises for the 
fundamental examination of their common technical 
problems may be a means by which the smaller enter- 
prises with their desirable social characteristics may 
retain a place in the sun by the side of the modern 
corporation. 

One of the barriers in the way of more effective 
cooperation between the industries and the state 
colleges results from a difference in the social philos- 
ophies in the two fields of action, namely, in the in- 
dustrial field and in the professional field in general, or 
the teaching field in particular. In the educational 
and scientific field, the rewards and increased oppor- 
tunities come from the sharing and free disclosure of all 
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achievements which result in the advancement of 
knowledge. In the industrial field, the careful guard- 
ing of trade secrets is still regarded in many industries 
as highly essential, and the obtaining of exclusive 
rights through patent control is frequently the main 
consideration which leads to the support of research 
_ work. These conflicting demands—for the unreserved 
disclosure and for the exclusive use of knowledge—are 
the greatest barrier in the development of cooperative 
relations in those fields in which important improve- 
ments and inventions are likely to be made. 

The most promising sphere for the organization of 
seminars for the consideration of allied or common 
engineering problems is with associations of manu- 
factures or of public utilities. In this case it would 
seem quite possible to formulate a policy with refer- 
ence to the granting of preferential but not exclusive 
patent rights which would harmonize the views and 
rights of all parties in the enterprise. The essential 
features of such a policy are outlined in Sec. VIII and 
IX of Cireular No. 9 of the Engineering Experiment 
Station of the University of Illinois, entitled ‘“‘The 
Functions of the Engineering Experiment Station of 
the University of Illinois,” by C. R. Richards. 

Not the least among the possibilities for good of these 
seminars is the possibility that the advantages of 
cooperation may be shown to be so great that it may 
become obvious that the thing to do is to modify those 
features of the patent law which make the existing law 
a barrier to cooperation. 

The type of seminar which holds the greatest promise 
of achievement is a seminar of experienced engineers 
from the same or allied fields who have come together 
to conduct a critical analysis of certain cases or certain 
lines of engineering practise. It may seem like pre- 
sumption to suppose that men from the colleges can be 
of much service to such a group. The presumption is 
tempered somewhat by the consideration that the 
introduction of a foreign body into saturated solutions 
frequently initiates crystalization. In a group of 
experienced engineers, the man from the co lege may at 
least play a role not unlike that of the foreign body in 
the chemical solution. The achievements should 
come mainly from the contributions of the practitioners 
to the conference. Judgment should not be passed as 
to the relative contributions to be expected, however, 
until we have considered the s gnificance of these 
seminars to the engineering teachers. 


SIGNIFICANCE OF THE SEMINARS TO ENGINEERING 
EDUCATION 


The fourth responsibility of the engineering college 
is for the development of engineering teachers. One 
of the strongest arguments for sponsoring seminars for 
practising engineers is the part which these seminars 
will play in the development of engineering teachers. 

The seminars will compel and will reward a broader 
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and a more thorough training than is common in the 
teaching ranks today. 

They will afford greater opportunities to determine 
the adequacy, the relative importance, and the real 
significance of the principles and the methods taught to 
undergraduates. 

They will make teaching attractive to a wider range 
of engineers by making it possible for men in teaching 
to have closer contact with engineering practise. 

They will help to supply one of the greatest needs of 
the engineering colleges of the country; namely, the 
atmosphere, the spirit and the prestige which will 
accompany more examples of engineering work in 
progress or carried to a successful conclusion in the 
colleges or by the engineering teachers. 

The opportunity to develop these seminars comes 
to the teaching profession as a challenge; a challenge 
because the task is no light one but one beset with 
difficulties and even with an element of danger to 
undergraduate instruction; but above all, a challenge 
because the acceptance of the opportunity means the 
acceptance of a goad and the acquirement of an in- 
centive which will bring the work of the engineer and of 
the engineering teacher to a higher plane. 


WELDING LARGE METAL STRUCTURES 


The American Bureau of Welding, 29 West Thirty- 
ninth Street, New York, N. Y., is planning an extensive 
investigation of welded steel structures. James H. 
Edwards, assistant chief engineer of the American 
Bridge Co., 71 Broadway, New York, N. Y., one of the 
directors of the American Bureau of Welding, is 
interested in this method of fabrication, which may 
have many advantages over riveting. ; 

Electric are welding was used by Mr. Edwards’ 
company to fabricate some steel plates in order to 
determine the difficulties which might arise in using 
this process. The result was a plate girder 15 feet long, 
having a web plate one-half inch thick and 24 inches 
deep. The flanges were 12 inches wide, one 134 and 
the other 17% inches thick. A cover plate 91% inches 
wide and nearly as thick as the flange was used on the 
top and the bottom flanges. Nine stiffeners on each side 
were welded to both flanges and the web. 

To determine the strength of this structure, partic- 
ularly whether or not the welds were satisfactory, it 
was tested by the Bureau of Standards in cooperation 
with the American Bridge Co. The Olsen hydraulic 
machine, having a capacity of 10,000,000 pounds, was 
used, loading the girder at the middle of a 1314-foot span. 

It was gratifying to find that the maximum load was 
somewhat greater than this estimate, and that the welds 
connecting the web to the top flange failed at-the ends 
only after the web was buckled and the girder had 
deflected several inches. 

The investigation will enable an engineer to design 
safe welded structures. It is probable that a saving 
in the cost of steel structures will result. 
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Discussion at Midwinter Convention 


THE CALCULATION OF MAGNETIC ATTRACTION! 
(LEHMANN) 


New York, N. Y., Fusruary 11, 1926 


C. O. Mailloux: This is another of the papers of the kind 
which, like one by Mr. Fortescue? published some years ago and 
one by Mr.Rice’, written more recently, serves to advance our 
knowledge of ways and means of attacking problems that have 
baffled all others before these authors, and at the same time 
gives us very interesting evidence of the fact that the methods 
of mathematical treatment of previous generations—say of the 
days of Maxwell, Kelvin, Mascart, Helmholtz, ete.—are still 
capable of giving magnificent results. Mr. Fortescue, in an 
epoch-making paper, showed the valuable use that can be made 
of the principles of the potential energy function and of their 
application to the discussion of equipotential surfaces, etc., as 
a means of mapping out the field of electric force around insu- 
lators that are subjected to high electrostatic stresses. Those 
who may have had doubts at that time in regard to the utility 
of the study of the potential function as a preparation for the 
analysis of phenomena in fields of force, and were disposed to 
look more sympathetically upon the more *‘modern’’ methods 
devised or elaborated by Bjerknes, Lorenz, and others, found that 
their fears in regard to the ‘‘staleness’’ of the older methods were 
not wholly well founded. What Mr. Fortescue did was, in a 
sense, an extension of Maxwell’s work, and his diagrams of lines 
of electric force in electrostatic fields show at least a family 
resemblance to some given in Maxwell’s treatise. Mr. Rice’s 
able paper furnished further valuable evidence of the great 
usefulness of this method of attack on seemingly difficult prob- 
lems of like character. 

In the present paper, we have the very interesting case in 
which the theory and the principles of the potential function 
enable the author to perform an entirely new tour de force that 
would have done credit to Maxwell himself, showing such a 
simple and practical way of “‘surveying’”’ and appraising the 
magnetic force in an air-gap that we wonder how such a clever 
expedient has remained so*‘long undiscovered. Every student 
of the theory of the potential function knows that the concept 
of the ‘‘tube”’ of magnetic force, even though it may be after all 
only a figment of the scientific imagination, does account, in a 
very simple way, for differences of magnetic density and distri- 
bution that are often impossible to describe by any other method, 
notably by the measurement or expression of variations in mag- 
netic density in different parts of the magnetic field. It was an 
inspired idea of the author to decompose the magnetic field in 
the air-gap into elemental tubes of magnetic force, with boundaries 
(or envelopes) enclosing spaces in which the magnetic flux is 
constant. This amounts virtually to the same thing as finding 
paths across the air-gap where the magnetic density may be 
treated as if it were constant. In this way the author found a 
means of getting across the air-gap without having to stop mid- 
way to rearrange and readjust the magnetic density; and with 
the aid of the principle of ‘‘solenoidal distribution’’ and of equi- 
potential surfaces, all of which is a part of the theory of the 
potential function, he had the absolute certainty of being able 
to get across safely before he started. The only problem that 
remained to be solved was that of making “‘landings”’ at both 
ends of the path followed in crossing the air-gap through a tube 
of magnetic foree when that path is not exactly straight across, 
i. e., when the tube of magnetic forceis not ‘normal’ to the surface 
of the poles or other ferromagnetic portions of the magnetic circuit 
on the two sides of the air-gap. The author solved that problem 
in the well-known, simple way, familiar to mathematicians, of 
replacing any contour line by an equivalent broken line, on the 
aT say JOURNAL, February, 1926, p. 167. 
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principle that a circle may beregardedasa polygon of an infinite 
number of sides. Now, the fundamental fact that makes this 
method rigorous as well as interesting and effective is the well- 
known principle that whenever a potential energy function ewists, 
as is the case in an air-gap, the initial and the final stages of the 
potential developed (which in this instance is magnetic potential; 
that is to say, the conditions determining the strength of the physi- 
cal bond between the two edges of the air-gap) are really inde- 
pendent of the locus of the path through which the tube of force 
is “‘laid.”’ Indeed this far-reaching generalization, a great 
achievement and precious inheritance from the mathematical 
physics of previous generations, was the key that unlocked the 
secret of the wide power and range of the method and that in- 
spired confidence in it by showing how far it can be relied upon. 


The paper deserves to be regarded as a pathfinder, pointing 
the way to new and really wonderful applications of old but 
still ‘‘up-to-date’’? and most effectual methods of attacks on 
difficult problems. It is seen that the figments of the scientific 
imagination, to which I have just referred, can play a most 
important role and can lead to highly useful concrete results as 
they did in Mr. Fortescue’s paper. As in that case (aside from 
the useful practical applications) the result is a contribution to 
general theory and will add value in a permanent way to the 
Transactions of the Institute. 


The paper may not prove as easy of perusal and compre- 
hension as might be, because some of the ideas in it are presented 
somewhat tersely and are not, therefore, placed within as easy 
reach of the ordinary reader as might have been, perhaps, had 
the author realized the desirability of so doing. The mathe- 
matics are simple enough; in fact, they are elementary to those 
who have studied the theory of the potential energy function 
and mathematical physics to even a slight extent, although they 
may seem abstruse, imposing, and forbidding to those who have 
not done so. The.paper really deserves to be made accessible 
to a very large constituency. This could have been done easily 
by taking a little more space for the presentation of the mathe- 
matics in slightly more ‘dilute’ form. The objection most 
often made to papers of this type is, indeed, that their authors 
do not sufficiently recognize the importance of making them 
entirely clear to those who do not know or remember as much as 
they do themselves about the ‘‘short cuts’? in mathematical 
transformations and demonstrations. A few notes given in an 
appendix, clarifying the more abstruse portions, would help 
greatly to remove the impression that the paper is merely a 
“high-brow”’ product, which will, or can, interest only mathe- 
matical students and experts. Jn this respect, however, the 
paper will be found to be not nearly so formidable as it may look. 
Moreover, those who are interested in this general subject will 
find such additional information and elucidation in other arti- 
cles by Dr. Lehmann which have appeared in the Revue Générale 
de V’ Electricité; notably in the article published in the numbers 
of July 12 and 19, 1924. This was written at about the same 
time as the present paper and covers substantially the same 
ground, but does it in a more detailed manner, and also throws 
full light upon the theoretical considerations which the author 
kept in mind and which underlie the methods described in the 
paper. 


J.Slepian: It is usual to derive the forces acting on material 
bodies in a magnetic field by starting with the principle of con- 
servation of energy, calculating the electrical energy input and 
the increase in magnetic energy, and assuming that the difference 
in these quantities gives the work done by magnetic forces on 
bodies which are displaced. This is the procedure followed,by 
Doherty and Park in their paper.t| Mr. Lehmann, however, 


4. Mechanical Force between Electric Circuits, by R. E. Doherty and 
R. H. Park, A. I. E. E. Journat, March, 1926, page 231. 
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starts with Maxwell’s expression for the stresses in a medium 
in which a magnetic field exists. 

In the time of Maxwell, the great program of physics was 
to explain all phenomena mechanically. Therefore it was very 
natural to try to explain the transmission of force over distance 
through the mediary of a magnetic field by a mechanism similar 
to that by which force is transmitted mechanically through 
material bodies, namely by a system of mechanical stresses. 
Maxwell was led to believe that the following system of stresses 
would account for the mechanical forces in a magnetic field: a 
tension equal to H?/8 7 per sq. cm. across any surface perpen- 
dicular to the lines of magnetic force, and a pressure equal to 
H?/8 7 across any surface parallel to the lines of magnetic 
force. 

In applying these stresses to determining the forces on material 
bodies, however, a difficulty arises, for these stresses are sup- 
posed to exist in empty space or in the ether as well as in ma- 
terial bodies. And since the ether pervades all material bodies, 
we cannot tell how much of the stress at any point acts on a 
material body there, and how much is limited to the ether. 
Maxwell resolved this difficulty to some extent by showing for a 
stationary magnetic field that although these stresses do not 
give the actual ponderomotive force at each and every point of a 
material body, when integrated over a closed surface, they do give 
correctly the total ponderomotive force on all the material bodies 
enclosed in that surface. 

Herein lies one of the difficulties which I have found in trying 
to follow Mr. Lehmann, for apparently he integrates the stresses 
over a surface which is not closed. Such a procedure if carried 
out, for example, over a portion of the surface of a wooden body 
would give a resultant force, and yet we feel quite sure that 
no such mechanical force exists on any portion of such a body. 
If the integration is carried out over the whole surface of the 
‘body, the correct zero resultant is obtained, but notif the integra- 
tion is limited to a part of the surface. 

It is easy to see that if a body has infinite permeability, then 
integration over any portion of its surface will give correctly 
the mechanical foree on that portion, and it so happens that the 
example which Mr. Lehmann has worked out is for a body with 
infinite permeability. But if the method is applicable to the 
case of finite permeability, it seems to me that some further 
justification is necessary. I would be very happy if Mr. Leh- 
mann could clear up this point for me. 

The formula which Mr. Lehmann has obtained is similar 
to that obtained by Doherty and Park by considering displace- 


ment of a magnetic body under constant flux, and I presume is 


intended to apply also for the case of saturation. However, 
Mr. Lehmann does not limit himself, as do Doherty and Park, 
to special magnetic circuits where the flux density is constant in 
the air gap during the displacement, but suggests that the result 
is general. This is a question of very great importance and I 
therefore considered it worth while to try to derive this result 
from the principle of conservation of energy. In so doing I ran 
upon a difficulty which Mr. Lehmann hints at in his paper but 
which I have not been able to surmount. Perhaps Mr. Lehmann 
can show how to take care of it. 


I used the following artifice: In the magnetic system under 
consideration, assume that alf currents which are flowing are in 
resistanceless circuits so that no impressed voltages are required. 
Now assume that with the bodies in the position for which the 
force is to be calculated, all bodies which are subject to magnetic 
saturation are made infinitely conducting. No change in the 
magnetic force results from these hypotheses. Now let one of 
~ the saturating bodies be displaced a small amount, Az. Then 
currents are induced in the various circuits and conducting 
bodies, the magnetic field changes, and work is received by the 
moving body. Now, since the electromotive forces are zero, 
there is no input of electrical energy. Hence the work received 
by the moving body must be equal to the decrease of magnetic 
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energy. Since the saturating bodies are by hypothesis in- 
finitely conducting, there will be no change in the magnetic field 
within them at any point, so that the magnetic energy in their 
interior remains constant. Hence the whole change in magnetic 
energy is external to the saturating bodies. This change in the 
external magnetic energy may be resolved into two parts. First 
we may consider the change which would take place if the energy 
density at every point remained constant, so that the motion of 
the saturating body merely changed the boundaries of the ex- 
ternal field. This change may be determined by multiplying 
the energy density at each point of the surface of the body by the 
normal component of the displacement of the surface and in- 
tegrating over the whole surface. This change in magnetic 
energy considered by itself leads directly to Lehmann’s formula. 
However, there is the second part of the change in magnetic 
energy which must be considered; namely, that due to the change 
in energy density at the various points of the field. If A W is 
the change in magnetic energy density at any point of the field, 
resulting from the displacement of the saturating body, then 
the volume integral, 
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taken over the whole external field gives the other part of the 
change in magnetic energy. 

If Mr. Lehmann’s result is correct, this integral must be equal 
to zero. However, I have not been able to establish the fact that 
this is necessarily the case and would like to ask Mr. Lehmann 
if he can suggest how this is to be done. 

R. H. Park: Two methods of calculating the mechanical 
forces due to magnetic attractions have been presented at the 
1926 Midwinter Convention; namely, a method of calculation 
based on analysis of flux through circuits, and a method based on 
the analysis of stresses acting at each point of a closed surface 
bounding the volume on which the force is to be calculated. 
Both methods have special fields of application in which they are 
of particular value. In the formula 
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of the paper by Dr. Lehmann, he has given a useful simplification 
of the known methods of calculating force on the basis of stress 
acting on bounding surfaces. For this particular result and also 
for his introduction of the general method of calculating force 
from stresses on bounding surfaces to problems of practical 
character, Dr. Lehmann deserves much credit. Without wishing 
to detract in any way from the practical value of Dr. Lehmann’s 
paper, I should like to mention a few considerations which may 
deserve attention. 

In particular, the application of formula (1) of the paper 
to problems in which saturation exists both within and without 
the volume in which the force is to be calculated may be open 
to question. In his ‘‘Electrical Papers,’’ Volume I, pages 542 
to 553, and Volume II, pages 548 to 574, Oliver Heaviside shows 
definitely that formula (1) applies in the ease of saturation 
when there is no saturation outside the region on which the 
force is to be calculated. He also gives a formula which applies 
in the more general case and in the interior of saturated regions. 
This result would indicate that formula (1) of the paper was 
correct in application in the case when there is iron both within 
and without the region on which the force is to be calculated, if 
the intersurface does not pass through saturated material. The 
arguments employed, however, in establishing these results are 
not entirely clear since no explanation is given that the assump- 
tions on which the proof is based are in accord with experimental 
facts. : 

Inregard to Dr. Lehmann’s definition of his reluctance Ro, it 
may be pointed out that the determination of this reluctance 
requires a previous knowledge of the distribution of the field 
in the region under consideration. It therefore depends on the 
character of the medium at points outside of the particular 
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region under consideration. Also there is a difference between 


Ro ‘ A eee 
the term aa and the ordinary total derivative of 
d Ro OR 
Ro =a The derivative iia corresponds to a change 


in 61 with the flux density and direction of the field fixed at the 
bounding surfaces. 

C. O. Mailloux: With reference to the remark made by two 
of the discussers that the method is of direct application to ques- 
tions where the permeability is independent of the field, that 
statement is brought out in the paper itself. The author 
concedes that point and there is no question about it. At the 
end he does refer to the fact that the formula can be completed 
by a saturation factor, but there is no detailed reference given 
to that, so we may assume that he didn’t feel sufficient confidence 
in that new development to introduce it into the paper. 

The inquiries made by one of the speakers are partly answered 
in the paper itself; notably where the author speaks of a complete 
integration around a circuit and counter-balancing effect pro- 
duced by the integration of the second part of the circuit that is 
already shown diagrammatically in Fig. 10. 

In regard to the detailed analysis of the formula, he preferred 
the purely practical method of finding what allowance, if any, 
could be made for the variation of magnetic field, when the 


length of the air-gap is increased or decreased, by calculating 


two cases where it has been done, proceeding with one from the 
inside and the other from the outside. He thus finds the 
difference between the two is within one per cent. 

Now, for the cases with which he was interested in dealing, 
that error certainly is sufficiently small and, while the theory 
might be very interesting in a question of splitting hairs, it is 
not of immediate concern in connection with the present paper. 
I hope, however, that the author will be given an opportunity 
to explain himself to any such extent as he may deem necessary. 

In the paper he does not mention the potential function, but 
anybody at all familiar with the subject knows that it is based 
upon that. One of the characteristics of potential function 
is that it goes into no speculation as to action ata distance. 
That may be the difficulty encountered by the gentleman. It is 
independent of all speculations as to the intervening medium or 
the actions at a distance. Had the author wished to go into it, 
he would have to begin by discussing the physies and mathematics 
of a tube of force, itself. He has assumed that as implicitly as 
one would assume the multiplication table in mathematics. 
Hence, if that is accepted as a fact and the explanation is sought 
for in some other books on mathematics, it seems to me a great 
many of the difficulties will disappear. 

Th. Lehmann: I am indebted to Mr. R. H. Park and to 
Mr. J. Slepian for giving me, by their remarks, an opportunity 
to define further the scope of my paper. I also thank Dr. 
Mailloux for already having replied in part to their discussions. 

My A. I. E. E. paper is a condensed summary of articles which 
have already appeared in the Revue Générale de l’ Electricité, 
(Paris), July 12th and 19th, 1924, in which I made explanation 
(especially in paragraph VIII) of the fictitious character of 
Maxwell’s stresses and pressures. In writing the A. J. E. E. 
paper it appeared to be desirable to leave out that paragraph 
and certain others to avoid lengthening it too much. In saying 
in the introduction to my paper, however, that I was taking into 
consideration only the resultant magnetic effort produced in a 
ferromagnetic body entirely surrounded by air, it seemed to me 
that there could be no doubt that the formulas (1) and (4) should 
be integrated along the whole of surface S in the body, especially 
sinceythe letter S was added at the bottom of the integral sign 
to show that a surface-integral was intended. 


Maxwell himself observed that the vectorial function, P/8 7, 
which appears in the integral expression, is of fictitious character, 
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inasmuch as it represents magnetic effort per unit of surface. 
The fact of having shown how this function may be evaluated 
and used in the determination of the true resultant does not at 
all imply that a real entity is attributed to the elemental effort 
per unit of surface, P/8 =. 

This point now having been made clear, I wish to assert that, 
for any closed surface of integration, the formula 


P ealerier < (4) 
Ss 


is equivalent to formula (1), the range of validity of which seems 
to have been determined previously by Oliver Heaviside. In 
any case, formula (4) gives exactly the resultant magnetic effort 
exerted upon a ferromagnetic body, C, having a surface, S, en- 
tirely surrounded by air, whether the permeability of the body 
be variable or not and even when the body, C, has hysteresis’. 
In the external medium, (the surrounding air), theremay be other 
saturated ferromagnetic bodies and also some currents, pro- 
vided the whole of the surface, S, of the body, C, be separated 
from the other ferromagnetic bodies by an air-zone. 

Here I shall go no further than to state that I have given 
elsewhere (in the Revue Générale de l’ Electricité, 1925, Vol. XVII, 
p. 167) the demonstration of the validity of formula (4) for a 
body, C, that is saturated but free from hysteresis, this being 
done by means of a schedule of the virtual potential energy 
involved, obtained by applying the theorem of W. Thomson. 
Another demonstration which does not use this theorem but 
which also includes the case where the body C is not free from 
hysteresis will appear shortly in the Revue Générale del’ Hlectricité 
(in September or October, 1926). 

The same conditions, as regards validity hold also in the case 
of the formula ; 
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Tf, for the value of the flux, ¢o, we take the cireumflux® and, for 
the reluctance, Ro, the value obtained by means of the formulas 
(3) and (3’), with that flux, then for example formula (7) will 
give the true resultant in the direction of 51, on the armature of a 
dynamo. Of course, 5 Ro/sl is the virtual derivative of that 
reluctance, and, as pointed out correctly by Mr. Park, it should 
not be confused with the ordinary total derivative, d R/dl. 
Naturally the formula can be applied also to each pole or to 
each magnetic circuit in turn. The respective magnetic efforts 
thus obtained should then be considered as being component 
portions of the total magnetic effort, and their vectorial sum 
will give the true resultant effort rigorously, whether the magnetic 
circuits be saturated or not. 

The effort actually exerted upon a pole or upon a tooth can be 
determined in the manner which I have already indicated in the 
Revue Générale de lV Electricité. When there is no deformation 
(i. e. when the magnetic effort produces no change in geometrical 
figure) in the pole and in the tooth, the method of procedure is 
as given on page 101 of the issue of July 19th, 1924, in para- 
eraphs VI and VII; and when deformation is produced, the 
method corresponds to the formulas (9) and (11), as given in the 
April 4th, 1925 issue. If Mr. Slepian will kindly refer to these 
earlier papers, I dare say that he will recognize the fact that the 
fictitious character of Maxwell’s stresses and pressures had not 
escaped me in the least. But all this was quite outside the scope 
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5. It should be stated that A. Liénard has already pointed out (in the 
Revue Generale de l’ Electricite of October 20th 1923, p. 563) that the formula 
(1), when integrated on the air side along the surface of a ferromagnetic 
body with hysteresis gives exactly the resultant magnetic effort. Moreover, 
A. Guilbert has given a very satisfactory experimental confirmation of 
formula (7) in his paper (Paris, 1926) which was published as a supplement 
to the Bulletin of the Société Francaise des Electriciens for January 1926. 


6. That is to say, the absolute sum of the fluxes per pole which are 
common to all the poles; this, in the case of an armature which is not 
excentric in the magnetic field, is the same as the product of the number of 
poles and the flux per pole. 
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of my A. I. KE. KE. paper; in that I intended to take into con- 
sideration only the effort exerted upon a ferromagnetic body that 
is entirely surrounded by air. ; 

The evaluation of the virtual derivative of the reluctance of the 
air, 5 Ry/sl, should be made by reference to Fig. 4 to 7A whenever 
the boundary air-surfaces may be considered equipotential, of 
which condition the reader is duly warned at the beginning of 
paragraph V (by the condition » = © in theiron). In the case 
of superficial saturations of the pole-pieces of the armature, up 
to B = 18,000 ce. g. s. (or uw > 100), the departure of the lines 
of magnetic force passing through the air from the orthogonal 
direction with respect to the boundary surfaces, is still scarcely 
noticeable, and the methods described are still applicable with a 
degree of precision that is amply sufficient for practical purposes. 
The case given by way of example for a half-pole, should, natu- 
rally, be extended to all the poles when the magnetic field is 
excentric; this can be done by making 62 coincide with the 
direction of the axis of excentricity. When the field or the 
armature is saturated to such a point that the lines of magnetic 
flux are no longer normal to the boundary surfaces, it becomes 
necessary to determine the segments o’ and o” along the whole 
of the air-surface for each tube of magnetic flux in accordance 
with the method indicated in Fig. 8; and, in that case, by follow- 
ing the external contour of the armature, we have 
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In making the summation along a portion of the poles and of 
the outermost lines of force of the flux per pole that is common 
to both parts of the magnetic circuit, it is necessary 'to add, for 
each outer line of force, a term! which corresponds to 
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As I pointed out in the Revue Générale de Ul Electricité of July 
19th, 1924, at the end of paragraph VIII, the elemental contri- 
butions per tube should be considered fictitious for the same 
reason as in the case of Maxwell’s effort per unit of surface, 
P/8~, in formulas (1) and (4). 

As to the last question asked by Mr. Slepian, it will be found 
to be answered fully in the article already mentioned, which is 
to appear soon in the Revue Générale de l Electricité, and in which 
the magnetic attraction between bodies that are saturated and 
that also have hysteresis is deduced from a schedule of the actual 
energy involved, in a virtual displacement, without abstractions 
or hypotheses. 

For the convenience of those who do not have ready access 
to the files of the Revue Générale de |’ Electricité, a brief reference 
to the article published in July, 1924, may be useful: 

As stated in the preface of that article, the following points are 
considered in it: (1) simplification of the physical formula for 
attraction; (2) definition of magnetic reluctance when the field 
is bounded by non-equipotential surfaces; (3) calculation of the 
virtual variation of the reluctance due to any displacement 
whatever of the limiting surfaces; (4) demonstration that the 
magnetic effort between two bodies depends only upon their 
common flux, ¢, and upon the virtual gradient of its air-reluc- 
tance, Ro, and that the formula 

827 Fy = $25 Ri/sl 
which gives the attraction in any direction whatever, 1, is as 
exact and general as the formulas of physics; (5) direct deduction 
of the attraction from the lines of flux of a magnetic figure with- 
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7. In formula (10’) of my paper, the last term should be 
1 ( cos y1 COs v2 
2 AL wD) 


) instead of 
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out having to determine the components of the field; (6) evalua- 
tion of the local magnetic effort exerted upon a tooth or pole that 
is inserted in a groove, when the permeability is a function of 
the field. i 

The article contains nine sections, of which the last four in- 
clude material that supplements the A. I. E. E. paper, which 
latter, as a matter of fact, was submitted to the Meetings and 
Papers Committee early in 1924, or before the publication of the 
articles in the Revue Générale de l’Electricité. In Sections VIII 
and IX, many points in regard to the validity and applicability 
of the formulas are made clear. Section VIII perhaps, ought 
to have been included in the paper. It is reproduced here 
(translated) with equation (13), taken from another part of the 
paper which could not be understood unless reproduced. 

(Extract from Revue Générale de UV Electricité) (July 19, 1924) 

“VIII. Diaresston. The formulas of physics for magnetic 
attraction are not much use in practise. Are physical hypothe- 
sis at all responsible for this? It cannot be denied that at first 
glance our sense of practical intuition, refined by the concept of, 
the magnetic circuit, finds it difficult to admit the figment that 
excludes all disturbance in the magnetic field during a virtual 
displacement. But that figment, although it may lead to a state 
of disequilibrium, can be justified by the theorem of Thomson 
applied to two neighboring states of distribution, one of which 
corresponds to a minimum of potential energy.” 

It may, perhaps, be better not to look so far but simply to 
attribute the above reflection to the dilemmas that one meets 
when Maxwell’s stresses are applied to surfaces which’ are not 
closed. An example will make the difficulty more clearly 
apparent. 

Let us suppose a mass of soft iron of constant permeability, 
uw, and free from all internal currents. The effort exerted upon 
such a body in an air medium of permeability, uo, may be evalu- 
ated according to formula (13) in either of two ways. We have 
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The term on the left-hand side is a surface-integral which is 
equal to (3), or 
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The term on the right-hand side in (13) is a volume-integral 
which is obtained by the aid of the generalized theorem of 
Ostrogradsky (See Vaschy, Théorie de I’ Electricité, 1896, p. 66). 

The first of the two ways of evaluation is by means of the 


surface-integral, 
8 wT Fr — f Po d S 
Ss 


and the second is by means of the volume-integral 


(25) 


RR = ef gee silent (26) 
ce 

Since the permeability, u, has been assumed, to, be constant, 
we have, in the iron, grad » = 0, except at the surface S, where 
grad su = N (wu — wo). For each surface element, dS, the 
volume integral, it will be recalled, will receive the contribution 

(Po — P)dS = N (H, Ho) (u — wo) dS 

where the subscript zero refers to the surrounding medium. But 
the Maxwellian elemental effort being given (outside of the 
factor 14 ~) by the value of the quantity Py) under the integral 
sign in equation (25), in air, it is clear that the quantities to be 
integrated in (25) and (26) cannot both give the true elemental 
effort. It is commonly admitted that the quantity under the 
integral sign in (26) corresponds to the true effort, so that the 
Maxwellian effort Po, considered as an elemental effort, appears 
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to be fictitious. and it leads merely to the same resultant effort 
as (26). 
For the condition »p = 


constant, formula (26) becomes, in 
effect, 


gies eee 


s 


But, by virtue of theorem (13), when integrating along the 
inside contour (the iron side) of the closed surface S, (since 
grad u then vanishes) we have, 


4 ieee secre 
Ss 


and we thus see that (26’) actually becomes identical with (25) 
for any closed surface. . 


(26’) 


If we consider — 


H? grad uw as the true effort per unit of 


Ww 


volume, we can then scarcely attribute any real meaning to the 
Maxwellian stresses except in so far as they can be applied in the 
case of a surface of integration that is entirely closed. 

The same remarks apply to the efforts deduced from the varia- 
tion in the reluctance, which do not prevent us, of course, from 
assembling the efforts represented by tubes when these are 
considered component parts of the total effort. 


STARTING CHARACTERISTICS AND CONTROL OF 
POLYPHASE SQUIRREL-CAGE INDUCTION MOTORS! 
; (NoRMAN) 
New York, N. Y., Fesruary 10, 1926 

B. F. Bailey: I should like to point out the use of the follow 

ing formula 
0.142 « Lb-Ft. < Syne. Speed 
Volt-Amperes 


in which 7 is the volt-ampere torque efficiency. By substituting 
the input to the motor in watts for the volt-ampere input we 
have the watt—torque efficiency. This formula is of course 
correct for any speed of the motor, although it is most useful in 
computing the starting efficiency. 

In the case of a squirrel-cage induction motor the starting 
efficiency will usually be about 20 per cent. The wound-rotor 
induction motor will show higher values and a high-resistance; 
squirrel-cage motor still higher values. Split-phase induction 
motors have starting efficiencies of about 10 per cent. 

This formula gives us a ready means of comparing the starting 
performance of different types of motors. 

It can readily be shown that the starting torque of a polyphase 
motor expressed in synchronous watts is equal to the input to 
the rotor, but the demonstration is based upon the supposition 
that we have a rotating field which does not change shape as it 
rotates. In practise, the field does change its shape somewhat 
and in fact there may be backwardly rotating components of the 
field which directly subtract from the torque. In addition, there 
is some loss of torque due to bearing friction. The result is that 
the torque as measured by a brake is always somewhat less than 
the torque as computed from the input to the rotor. My experi- 
ence has been that usually the actual torque will be from 85 to 
90 per cent of the theoretical torque, although instances are 
common where somewhat higher or lower torques are developed. 

K. L. Hansen (communicated after adjournment): Aside 
from containing useful suggestions and formulas, Mr. Norman’s 
paper assists materially in advancing problems pertaining to the 
transient phenomena of acceleration and retardation from the 
rough approximation stage on to a sounder, mathematical 
foundation. 


1. A.1T.E.E. Journau, February, 1926, p. 153. 


DISCUSSION AT MIDWINTER CONVENTION 


1003 


Under the assumption of negligible resistance load, the author 
has found the secondary copper loss, when accelerating from slip 
s to slip S, to be 


Watt-seconds = 0.00744 (M I) N? (s? — S?) 
And the primary copper loss to be the secondary loss multiplied 


v1 


In the October 18th, 1924 issue of the Electrical World, I 
published the following formula for the secondary copper loss: 
(on aecount of lack of space, derivation of formulas was not 
shown) ; 


W G? N? (s? — 8S?) 
4324 
where the moment of inertia W G? is expressed in lb-ft. changing 


to poundal-ft. by introducing gravity acceleration 32.2, it 
becomes 


Ws = = 0.000231 W G? N? (s? — S?) 


W, = 0.00744 (M I) N? (s? — S?) 

which is identical with the one in the paper. An interesting 
point in this connection which Mr. Norman does not seem to 
mention in his paper is that, when accelerating from standstill 
the secondary; loss is equal to the energy stored in revolving 
parts. 

In discussing motors in intermittent service, I made the 
following statement in my article: 

“Comparing (3) with (1), it will be seen that when a motor 
accelerates from standstill to synchronism, the secondary energy 
loss is equal to the stored energy and the primary loss is the 


a . As the 


stored energy multiplied by secondary loss is 


a 


independent of, and the primary loss inversely proportional to 
the secondary resistance, it follows that the ratio of secondary to 
primary resistance should be as high as the rate of acceleration 
permits in order to reduce the energy loss of the system to a 
minimum.” 

It will be noticed that this paragraph covers substantially 
the discussion on the second and part of the third page in the 
paper. 

It might also be of interest to know that I have used the 
author’s speed-time formula and found it satisfactory in appli- 
cations where the resistance load is small and the inertia load 
is high, as, for example, in centrifugal extractors. When there 
is an appreciable resistance load in addition to the inertia load, 
however, other formulas give better results. 

P. L. Alger (communicated after adjournment): Mr. Norman 
has given us a complete synopsis of the starting behavior of an 
induction motor. As he points out, the object of studying 
starting conditions is to design the motor and the control so as 
to secure minimum losses at starting and a reasonable, but not 
excessive, factor of safety in design. © 

To bring out some of Mr. Norman’s ideas more emphatically, 
there are two points which seem to be worthy of mention. Both 
of these points arise from the fact that a motor designed pri- 
marily for starting duty should have different characteristics 
from one designed for steady operation. In order to obtain the 
best starting torque per ampere, it is necessary to have a high 
rotor resistance, and, in order to obtain low starting losses, it 
is necessary to have a low primary resistance. These two things 
naturally result in the designer’s making a starting motor with 
few primary turns and therefore with a very high magnetizing 
eurrent. 

A high magnetizing current results in an appreciable difference 
between the primary and secondary currents during the starting 
period. Though Mr. Norman suggests that this difference can 
be neglected, it is often quite appreciable. As Professor Bailey 
stated in his discussion of the paper, the torque efficiency, de- 
fined as the ratio of the starting torque as measured with a 
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brake to that as calculated from the copper loss due to.the meas- 
ured primary current and the measured secondary resistance, is 
usually appreciably below unity. If the secondary resistance 
used in calculating the torque is the apparent value obtained by 
dividing the primary input at standstill, less the primary copper 
loss, by the square of the primary current, the torque efficiency 
is 100 per cent. But if the true value of secondary resistance is 
used, the calculated value of torque will be too high, due to the 
secondary current being smaller than the primary current. 

Thus, in the attempt to make a motor with good starting 
characteristics, the magnetizing current is exaggerated, and so 
the accuracy of the simple theory which neglects magnetizing 
current may be said to be less, the better the motor is for starting 
duty. Mr. Norman, also points out that the existence of eddy 
currents in the rotor during starting again makes the theory less 
accurate and generally requires some approximations to be 
employed in calculating the primary copper loss. These eddy 
currents are exaggerated, in the attempt to obtain high starting 
resistance and low starting current without too seriously impair- 
ing the running efficiency by the increasing employment of the 
double squirrel-cage type of winding. However, if a double 
squirrel cage is so designed as to obtain the maximum possible 
starting resistance with a given running reactance, expressions 
for the secondary resistance referred to primary of the form 


R SX 
ate 2. , and for the secondary reactance of the form 
S ihe Se 

xX + Sar may be employed in place of the simpler ones, 


and X, and, with their aid, accurate formulas similar to 
Mr. Norman’s may be derived for the time of starting and other 
characteryisties. 

H. M. Norman: In answer to Prof. Bailey’sremarks concern- 
ing what he calls efficiency of the starting torque, I should say 
that there is nearly always a discrepancy between the measured 
starting torque by brake and that indicated by the watts loss 
in the rotor at start. The brake value is sometimes lower and 
sometimes higher than that given by the secondary loss. How- 
ever, the average value obtained from a large number of different 
motors showed that there is only about a four per cent difference. 


It should also be remembered that there is difficulty in measur- 
ing the input watts correctly, and also in estimating the proper 
value of the primary resistance (variation due to temperature) 
to use for calculation of the watts in the primary so as to obtain 
the correct watts loss in the rotor. In view of these difficulties, 
the best guide is the average of a large number of motors. 


I think this is a very important point because it touches on the 
accuracy of the loss formulas in the paper. If it were true that 
this starting efficiency were appreciably below 100 per cent then 
the starting losses would be greater than the formulas in the 
paper indicate. 


If there is no unbalance of phases, however, then it is my opin- 
ion that any adjustment of the constant 0.00744 in the loss 
equations need not exceed the addition of the four per cent 
already mentioned. 

In reply to Mr. K. L. Hansen’s remarks, I think it unfortunate 
that the same formula should have to be worked out indepen- 
dently at two different times, but in this case it has the comforting 
feature that we are both in exact agreement. 

Regarding the fact that when starting from rest and accelerat- 
ing to synchronous speed the secondary loss is equal to the stored 
energy of the system (this includes the energy of all the moving 
parts). I should like to point out that I purposely avoided 
mentioning this fact as it is subject to misuse for the following 
reason. Suppose that fora given system on account of the nature 
of the application the rotor of the motor has high resistance so 
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that the full-load speed is say 90 per cent of synchronous speed. 
Then if the secondary loss be taken as equal to the stored energy 
of the system, it would be found to be 81 per cent of what it 
would have been had the system been accelerated to synchronous 
speed. This is not true, however, as the loss in the rotor under 
these conditions is equal to 99 per cent of this value. 

This error is approximately equal to twice the full-load slip 
and even for low-resistance rotor motors is not altogether 
negligible. i 

Fig. 1 herewith gives a diagrammatic representation of the 
proportions of loss in the rotor of the motor and the stored energy 
of the moving parts. Consider a motor that has been accelerated 
from rest and has reached a speed proportional to F C on this 
diagram where F A represents synchronous speed. The area 
F C D bears the same ratio to the stored energy of all the moving 
parts as the area D E G F bears to the loss in the rotor. These 
areas become equal if the motor starts from rest and accelerates 
to synchronism so that for this particular case (and this particular 
case only) the loss in the rotor equals the stored energy of the 
moving parts. 


Synchronous 
Speed 


This diagram also shows the ratio of lost and stored energy 
to the loss in the rotor when the rotor is plugged by extending the 
diagram into the negative-speed region. If a motor is running 
at say 90 per cent of synchronous speed and is plugged, the rotor 
reversing to 90 per cent synchronous speed in the reverse direc- 
tion then, (referring to Fig. 1,) the energy lost in the moving parts 
by bringing them to rest is represented by area H F I, the energy 
gained by bringing the moving parts up to 90 per cent syn- 
chronous speed is represented by area C DF, and the energy 
lost in the rotor by area D E J H. 

Referring to Mr. Hanson’s statement that the short paragraph 
in his article covers substantially the discussion in part of my 
paper, I should point out that on the second page immediately 
following the loss formulas, I made a statement of approximately 
the same length and more or less equivalent to that in Mr. 
Hansen’s article, and as I did not repeat myself in the subsequent 
paragraphs, I cannot see that his claim is well founded: Further, 
where there are only a few cycles of operation per minute I do 
not agree with Mr. Hansen’s statement that the secondary 
resistance should be as high as the rate of acceleration will permit 
in order to reduce the energy loss to a minimum. This is 
neglecting entirely the losses during the running period. There 
are so many different cycles of operation that it is not desirable to 
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compile an abundance of formulas to give the best value of 
secondary resistance for each, but as there is one cycle which is 
perhaps the most common, I might add the following formula: 


tT, = 4 
Where 


I, = Secondary load current. 


0.00744 (M I) N? (1 — 8S?) 1 
oletK 


(For inertia starting loads only) 


rz = Value of secondary resistance which gives the minimum 
losses over an entire cycle consisting of a start from rest 
to speed of N (1 — S) and a full-load run for a time 
= (seconds) and a shut-down of any length of time. 
The constant is the ratio of effective resistance at start 
to that at full load and is slightly greater than unity. 


The value of r2 aS obtained from this formula is for the load 
condition, K rz being the effective resistance at start. 


Mr. Hansen seems to understand that I say that my speed- 
time formulas applied to all types of loading conditions. How- 
ever, the method by which they were evolved, combined with 
the paragraph on the last page of my article drawing attention 
to friction or hauling loads, shows this impression to be incorrect. 


In reply to Mr. Alger’s statements, I should like to point out 
that the object of making -the secondary resistance high for 
motors which are used for frequent starting is two-fold. It 
not only reduces the starting current, but also reduces the total 
losses during acceleration. The reduction of the primary 
resistance by means of reducing the primary turns has little or 
no affect on the starting losses, however, when measured in joules, 
and motors intended for frequent starting may sometimes be 
designed by changing the secondary winding only. 

Motors to be used for special starting duty can be built with 
either a high rotor resistance, few primary turns to strengthen 
the field, or a combination of both, depending on the nature of the 
application. t 

If the starts are very frequent then the first method gives the 
best results as the starting losses are lowered and this results in a 
lowering of the total losses over a complete cycle of operation 
provided the rotor resistance is not increased excessively. 

If the number of starts are very few and high starting torque 
is required on account of, say, excessive static friction, then the 
second method can be used provided the increased starting current 
is permitted and that low power factor is not of any great 
consequence. 

When there are limits placed on the starting torque and current 
and the full-load power factor and efficiency, then the combination 
of more rotor resistance and fewer primary turns is used to meet 
these requirements. Again it may be used when the application 
requires high starting torque and a medium number of starts 
and stops. 

From this it can be seen that the designer does not always use 
few primary turns. : 

Regarding Mr. Alger’s statement that the use of few primary 
turns exaggerates the magnetizing current and so upsets the sim- 
ple theory that during acceleration the primary and secondary 
current can be considered of equal value, I cannot agree. Neg- 
lecting saturation, the magnetizing current changes inversely as 
the turns squared. The starting current also changes in the 
same ratio. Therefore, the ratio of these currents is the same no 
matter what the primary turns may be., Should saturation be 
taken into account, then the consequent increase in current ap- 
plies much more to the starting current than to the magnetizing 
current during acceleration because at start the main field is 
only one-half or one-third of its value at synchronous speed, 
while the leakage paths are saturated. 

The difference between the primary and secondary current 
of the motor of average size and speed is about three per cent so 
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that the value of the secondary resistance as given by formula (1) 
in the paper is about six per cent too small. Since the secondary 
loss (measured in joules) during acceleration is independent of 
the secondary resistance, then this error does not effect the rotor 
loss. 


Now consider the primary loss during acceleration: the exact 
yalue could be obtained by multiplying the secondary loss in 
watts by the ratio of the primary resistance to the true value of 
secondary resistance and then by the mean square of the ratio 
of primary to secondary current over the starting period. 


It so happens that this ratio of the mean square over the entire 
starting period is very nearly equal to the ratio of the square of 
the primary to secondary current at the instant of starting which 
is also the ratio of the true value of secondary resistance to the 
value obtained by using formula (1) in the paper. Therefore, 
by using formula (1) to get the secondary resistance and assum-~ 
ing the primary and secondary currents equal, very little error 
is introduced. 


To illustrate how negligible this error is, consider a 50-h. p., 
6-pole, 60-cycle motor. The ratio of the mean squares of the 
primary and secondary currents up to 90 per cent synchronous 
speed is equal to 1.041. The ratio of the true value of secondary 


resistance to that calculated by formula (1) is equal to 1.031, so 
é 


that there is only one per cent error in calculating the primary loss. 
Consider an extreme case of a 50-h. p., 20-pole, 60-cycle motor 
with only 434 times starting current and 68 per cent full-load 
power factor. The ratio of the mean currents to 90 per cent 
synchronous speed is equal to 11.37 and the ratio of true to 
ealeulated secondary resistances is equal to 11.17 which shows 
that there is less than two per cent error even in this extreme case. 
From this it is obvious that it is sufficiently accurate to use the 
method given in the paper. 

Mr. Alger seems to be under the impression that the work on 
reversing motors, in which I made correction for eddy-currents 
in the rotor, had something to do with a difference in the primary 
and secondary currents. This is not so; the reason for finding 
the primary loss by the method worked out in the paper was on 
account of a varying ratio between primary and secondary 
resistance while retarding the speed. 

Regarding the statement that similar formulas to those given 
in my paper could be worked out for double-cage windings, I 
think that these formulas would be very complicated and there- 
fore would not be extensively used. Further, it is doubtful if 
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such a motor would have any advantages over a high-resistance 
rotor motor as the higher full-load efficiency is misleading, the 
true guide being the total losses over a complete cycle of opera- 
tion. Also there would have to be a decided advantage in favor 
of a double-cage winding to warrant its use as it is more com- 
plicated and expensive. 


I should like to add the following formula which gives the 
radius of gyration for rotors which have journals with bearings 
of different diameter on each end. This measurment can be 
made by using the circular rails illustrated in Fig. 7. Squirrel- 
cage motors have usually the same diameter of bearing on each 
end but it is sometimes necessary to know the radius of gyration 
of other rotors. This can be done with the same equipment. 
Referring to Fig. 2 herewith 
let 


v vel. of Genter of gravity of rotor. 
R = radius of gyration radially (feet). 
R, = radius of gyration about axis perpendicular to the shaft 
and through the center of gravity. 
w and w, are the respective angular velocities. 


ll 


Then gain in kinetic energy 
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Loss in potential energy 


DISCUSSION AT MADISON 


Journal A. I. E. E. 


y y 1 y 
) C248) (1b )+50-n 7 | 


=M g (6-6) + “ 
fateh? BN OG 


_ 5 oS a 
Substituting w; = w 
D 
l dé 
o = wana Ce 
r t 
D—y & 
v =( D z iP, AF 5 r) 


Equating these two quantities and integrating gives: 
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From this equation it can be seen that the short-cut method 
which suggests itself of taking the average of r and ro and then 
substituting in the formula given on the tenth page of my paper 
does not give sufficiently accurate results. 


Discussion at Madison Convention 


TESTS OF PAPER-INSULATED HIGH-TENSION 
CABLE! 


(FARMER) 
Mapison, Wisconsin, May 7, 1926 


W. S. Clark: In connection with the figures given in Mr. 
Farmer’s paper, one should not lose sight of the fact that there 
is no insulation of which we know in which the strength increases 
in direct proportion to the increased thickness of insulation. 

The company by which I am employed makes small static 
condensers or capacitors for power-factor correction. These 
are operated with.a stress of about 300 volts per mil, the total 
thickness of insulation being about 4 mils. We have found that 
if we desire to increase the voltage from 1200 to 2400 volts on 
these condensers, to secure the same factor of safety and freedom 
from breakdown it is necessary to more than double the thick- 
ness of the insulation. 

In a general way the strength of saturated paper insulation, 
assuming uniform quality, appears to increase only about as the 
0.8 power of the thickness and not directly as the first power. 

With reference to the test referred to in Mr. Farmer’s paper, 
regarding formation of wax or X compound in oil, the test as at 
present specified apparently cannot be duplicated in different 
laboratories with the same material. When the test is brought 
to a condition in detail where it can be duplicated in different 
laboratories with the same results, then I think it will be good. 

E.C. Willman: We noticed that the X compound was great- 
est at the surface and in the layers of paper nearest the conduc- 
tor; that is, at the point of highest stress. We therefore at- 
tempted to form the compound by stressing petrolatum placed 
between variously shaped electrodes, but without success. With 
the thought in mind that occluded air might be responsible for 
the formation, we tried bubbling ozone through melted petrola- 
tum. This did not produce any X. 

Later we dissected a piece of badly wrinkled cable which had a 
deposit of X in the wrinkles in the lead,—the point of least stress, 
—and had only traces at the conductor. Thisled us to believe that 
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the formation was due to electric stress in combination with 
rarified atmosphere. We then made up a Geissler tube of glass 
8 in. long and 34 in. in diameter. An electrode was sealed into 
one end and the other end was provided with a rubber stopper 
through which an electrode and a smaller glass tube were inserted. 
Some petrolatum was placed in the tube, which was then ex- 
hausted to 28 in. of mercury and potential from a one-in. spark 
coil was applied to the terminals of the tube. Ina short time the 
peculiar granular structure of the X compound became apparent 
on the surface of the petrolatum. Its identity was established 
by chemical and microscopic tests. 

D. M. Simons: To my mind, the outstanding point of this 
paper is Fig. 7. If the breakdown strength of three-conductor 
cables under long-time application of voltage is only half that of 
single-conductor eables, or even if it is considerably less than 
single-conductors while not being as low as this figure suggests, 
then this is a fact of outstanding importance in the cable industry. 
I am interested in it not only for its general bearing, but also 
because it is a point that the engineers of the company with which 
I am associated have been claiming for many years, especially 
in connection with the use of three-conductor Type H eable in 
place of the usual belted construction for the higher voltages, 
say, 22,000 volts and higher. This form of cable is of course 
equivalent in its electric field to three single-conductor cables 
under one lead sheath, and our claim has been that this form of 
cable would avoid many of the troubles that have been observed 
in the outer layers of conductor insulation and especially in the 
filler spaces of the usual form of three-conductor cable and joints 
when used in the upper range of voltage. It is very significant 
to have this effect confirmed in such a striking manner by Mr. 
Farmer. 

Percy Dunsheath: Mr. Farmer referred to the relative 
importance of the cable and the other part of the installation. 
The cable is, after all, from a financial point of view, the part of 
an installation to watch for possible improvement with a view to 
cutting down the costs of development work. 

One point I should like to make is that the first thing to do is to 
settle this question of acceptance tests. If we can arrive at a 
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test that will prove quality, then I think quality will follow. If 
there has been any delay in improving quality, it has been be- 
cause we have not known what we wanted and have not been 
able to recognize quality when it already existed. We are still 
using the standard pressure test in spite of the fact that after a 
cable has been pressure-tested in a factory, if it isn’t a good 
length of cable, the pressure test may leave it on the point of 
breakdown and it is sent out of the factory in this condition. 


Unfortunately, after the completion of these three papers we 
are not left with a clause which we can put into a specification,— 
an acceptance clause; but I think we are all agreed that the work, 
particularly Mr. Farmer’s analysis of the time—voltage curve, 
does bring us very much nearer arriving at a clause of this kind. 
I don’t know whether it has been done before (to me it is quite 
new) but Isee that Mr. Farmer has analyzed the time—voltage 
eurveintoanumber of component time—voltage curves, some for 
the bad parts of the cable and some for the good. I think that 
that is a very important observation to make because if a cable 
consists of a number of different parts, some with a low time- 
voltage curve and some with a high time—voltage curve, then a 
short-time, high-pressure test is a means of finding out weakness 
in the cable. If there isonly one time—voltage curve for the whole 
cable, then a short-time high-pressure test can be carried out 
but it may be destructive. 


Page 8 of Mr. Farmer’s paper advocates adopting a standard 
load. Generally speaking I think that that is a good thing. 
If we could have a standard load which we could put onto any 
method of measuring losses,—dynamometer, bridge, or any other 
means,—and so arrive at a distinct, definite calibration, it would 
be a considerable step forward. I should suggest, however, that 
instead of the type of load which he proposes and which has to 
be measured, itself, we adopt a load which can be built up to a 
known power factor. I should suggest a condenser with negli- 
gible loss combined with a definite pure resistance. 


On the eleventh page of Mr. Farmer’s paper, those curves 
showing the variation of rising power factor with time are im- 
portant and interesting and I am wondering whether the rise 
which he sometimes gets and sometimes does not get is due 
to a very slow increase of hydrostatic pressure. If so, possibly 
we can follow out that line with a view to getting an acceptance 
test, a cable which didn’t give that original rise being a better 
quality than one which did. 

Mr. Farmer describes the end which he uses for a three-con- 
duetor cable. J should just ike to set forth a suggestion which 
I found useful in taking off ends for that type of test. To avoid 
the cost of a wiped joint, I have used ebonite cones about 1% in. 
thick, with a taped joint. Over the thickened dielectric on 
each core, I have carried tin-foil clear up to the crotch, with the 
result that no breakdowns can take place in the crotch. It 
is quite easy to bring an end of this kind to the highest voltage 
required. 

I agree that the preparation of these samples is important. 

_ It is really astonishing the differences one can get on time— 
voltage tests on the same make of cable by first inverting the 
cable and putting the ends in oil, then turning the ends upward 
and putting on oil pockets. If anything should be standardized, 
it should be the method of making the ends. If an end is made 
which prevents the escape of any gases generated, up goes the 
time—voltage curve. 

R. J. Wiseman: Referring to Fig. 1 of the paper, we find 
existing a rather interesting property aside from the wide varia- 
tion in insulation resistance. The variation is very much 
greater for the compounds giving high values of insulation 
resistance. 

Fig. 4, showing the distribution of failures for five-minute 
tests bears out what some of us believe; namely, that failure on a 
reel test is due to mechanical defects and will be detected with a 
reasonably high voltage. Too few tests are reported for 15 min. 
to be able to draw any conclusions. It is quite likely that Mr. 
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Farmer is right, that, due to pre-testing by the manufacturer, 
failures on short time are eliminated before inspection. 

Table I shows an improvement in breakdown voltage for each 
year; but there is still room for improvement. When the maxi- 
mum dielectric strength at the conductor approximates the di- 
electrie strength of a sample between flat plates we shall have 
reached the limit. 

Figs. 5 to 10 inclusive are of interest in suggesting the limiting 
stress we can put on a cable indefinitely. At the present time, 
for methods of manufacture I believe 125 volts per mil is nearer 
the safety limit of operation than 150 volts per mil. This will 
give a factor of safety of about four or five on strength of 
material. 

Mr. Farmer’s suggestion of a standard load for checking di- 
electric-loss testing equipment is a very good one; besides 
the load he describes, I should like to advise his considering a 
load giving larger charging currents and higher power factors. I 
have found this important in making check tests on equipment. 


A study of the change in power factor with time for different 
stress values is one of the best means to determine the aging 
quality of a cable. We would expect a slight increase in power 
factor for about 50 hours and then either constant or decreasing 
values. 


I hope Mr. Farmer will be able to solve for us the proper 
manner of preparing samples of cable for high-voltage test. 
At present we do not get the real short-time breakdown voltage 
due to flashovers. Potheads are of great help but still not 
sufficient. The time consumed in preparing ends for test is 
enormous. Any means of reducing it and still permitting of 
higher voltages is welcome. 


I should suggest that Mr. Farmer replot Fig. 30, using the 
maximum voltage stress at the conductor. Even though he 
may not think it accurate, he will get a better comparison of the 
test on cables and condensers for wax formation. 


W. A. Del Mar: Unfortunately, the test for X which is 
deseribed in Mr. Farmer’s paper is open to the serious objection 
of giving discordant results. A case which came up quite 
recently was in relation to a barrel of compound which we had had 
in our laboratory for some weeks. We took out a sample which 
we designated A, divided it in two, sent half to the Electrical 
Testing Laboratories and kept the remainder ourselves. The 
Electrical Testing Laboratories sent back a report, ‘“‘Abun- 
dant wax formation.’ Our laboratory, using apparatus 
as described in Mr. Farmer’s paper, reported ‘‘none’’; so we 
thought we would make a check test. We took another sam- 
ple B out of the same barrel, again divided it in two, sending 
one part to the Electrical Testing Laboratories and keeping the 
remainder ourselves. They reported no wax and our laboratory 
reported considerable wax. 


That bears out the general condition we have in our own 
laboratory; 7. e., we cannot obtain consistent results. We get X 
in a given compound perhaps in three or four tests in succession, 
and then, for some unknown reason, without any apparent change, 
the opposite result is obtained. 


Even if the test can be perfected so as to be susceptible of un- 
failing check, insufficient evidence has been offered to connect 
the test with operating results. 


Another interesting feature of Mr. Farmer’s paper is the ap- 
parently greater dielectric strength of insulation on single- 
conductor cables as compared with triplex cables, as shown in 
his Fig. 7. This diagram, however, shows maximum stresses, as 
computed from the ordinary logarithmic formula. Recent 
researches by P. L. Hoover? have shown that the maximum 
stresses at failure cannot be derived from that formula, and that 
average stresses are a better criterion. As the average stress 
in a single-conductor cable is a much smaller fraction of the con- 
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ventional maximum than in a triplex cable, the diserepaney which 
is made to appear in Fig. 7 disappears. 


F. A. Brownell: For testing purposes Mr. Farmer has 
pointed out the need of an end bell that could be constructed 
or connected in a minimum of time. This is one of our chief 
difficulties at the factories today and it seems that more time 
and thought should be given to this subject. We have used, with 
some modification, the end bell shown in Fig. 22 of Mc. Farmer’s 
paper and have had very satisfactory results, the only objection 
being the time required for wrapping the conductors with varnish 
eambrie. I believe this can be overcome by the use of the roll 
of tapered paper that the Pirelli Company used in making up the 
joints on the 45-kv. line of the United Electric Light and Power 
Company of New York City. This paper could be made up into 
rolls and placed over each of the three conductors and tightened. 
This would give a snug-fitting insulation and the crotch would be 
entirely filled. It may be that the taper of the paper would have 
to be changed somewhat to give the desired fitting. 


F.M. Farmer: Tirst, I desire to make two corrections. In 
the advance copy printing the note under Fig. 7 refers to Fig. 
12. This should refer to Fig. 6. In the captions for Figs. 25, 26 
and 27 the word ‘“‘wax’’ was used. This is unfortunate, since the 
product produced is not wax in the sense that the term is used 
in industry. In fact it is quite different from any known sub- 
stance familiar to oil technologists and has none of the charac- 
teristics of any variety of wax. Furthermore, it is not soluble 
in any of the ordinary solvents. Mr. Del Mar has suggested the 
expression X. In viewof our lack of knowledge of this substance, 
this designation seems particularly appropriate. 


From the tests which he describes, Mr. Willman implies that 
this deterioration is due to the action of ultra-violet hght re- 
sulting from a sufficiently high electric stress across microscopic air 
voids in the compound. Whether this X formation is due 
directly to the application of stress' or due to the action sug- 
gested by Mr. Willman, which, in turn, requires the presence of 
stress, is, from a practical standpoint, immaterial to the user. 
He is interested in knowing whether or not the compound in the 
eable remains stable under the conditions of use which involve 
only two variables, namely, stress and temperature. 
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Mr. Del Mar has indicated that the test proposed for X 
formation is not dependable. It is probably true that it-is not 
very sensitive where the compound forms X with difficulty so 
that X is formed at one time and not at another. Just why this 
variation occurs we do not know as yet but it is believed that the 
test being so simply and easily made justifies its use as a rough 
indicator of the probable performance of the compound. 

Mr. Del Mar also raises the point that it has not been definitely 
demonstrated that this kind of deterioration in compound in a 
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cable necessarily results in ultimate failure. This is true, but 
while we haven’t positive proof that X in cable is objectionable, 
there is altogether too much circumstantial evidence available to 
justify engineers assuming that X is not objectionable. Since 
compounds can apparently be developed which do not form XG 
and which are otherwise satisfactory, it seems only good engi- 
neering to avoid the use of X-forming compounds, even though 
we are not positive that they are objectionable. 

Referring to Figs. 6 and 7, some additional data have been 
obtained since these diagrams were made and new diagrams are 
given herewith,—Fig. 64 corresponding to Fig. 6 and Fig. 7A 
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corresponding to Fig. 7. It will be observed that the slope is 
the same so that we are quite convinced that the seventh-power 
relation is approximately correct for at least the types of cable 
involved in these tests. Of course, if there is a pronounced 
change in the method of construction or in the kind of compound 
used in high-tension cables, the slope of these curves will un- 
doubtedly be affected. 


The point mentioned by Mr. Simons,—namely, the apparent 
superior showing of single-conductor cable over three-conductor 
cable,—is obviously of great importance; so much so, in fact, that 
a rather elaborate systematic investigation is being planned 
with specially constructed cable to determine the correctness 
or otherwise of this indication. Mr. Del Mar points out that if 
average stress instead of maximum stress had been used in pre- 
paring these diagrams, the apparent difference between single- 
conductor and three-conductor cables would have been less. 
This, of course, is quite correct. For instance, the average 
maximum-stress gradient to give a life of 10 hr. in three-conductor 
cable is 215 volts per mil and in single-conductor cable, 400 volts 
per mil, or an apparent increase of 86 per cent. The average - 
average-stress gradient to give a life of 10 hr. is 175 volts per mil 
in three-conductor cable and 220 volts per mil in single-conductor 
cable or an apparent increase of 26 per-cent. But which of these 
two bases is the true measure of dielectric strength of the cable 
asa whole? As we all know, there has been much diseussion of 
this point and papers have been presented before this Institute 
giving evidence which apparently favors both of these gradients 
as well as intermediate ones. Eventually we shall have the true 
answer; and while it is highly probable that it will not be the 
maximum-stress gradient, it is also probable that it will be some- 
thing higher than the average gradient. It seems. reasonable 
to conclude, therefore, from the evidence presented here, that 
the inherent dielectric strength of single-conductor cable is on 
the average substantially higher than. that of three-conductor 
cable and that the difference may be of the order of 40 or 50 per 
cent. However, as previously stated, this apparently large 
difference must be confirmed by further investigation before a 
final conclusion is justified. 
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Referring to Capt. Dunsheath’s suggestion in connection 
with the proposed standard load for dielectric loss testing that 
various power factors be obtained by the use of series resistance, 
T should say that we have had this point in mind. 


THE EFFECT OF INTERNAL VACUA! 
(Det Mar) 
Mapison, Wisconsin, May 7, 1926 

Wallace S. Clark: In connection with Mr. Del Mar’s 
paper it should be remembered that the Pirelli idea is to keep in 
the cable, at all times, a pressure in excess of atmospheric 
pressure. 

Percy Dunsheath: I think Mr. Del Mar has gone a little 
bit too far although probably not intentionally. I am rather 
afraid the impression that his conclusions will give is that all 
cables for high voltages should be supplied with oil ducts. I 
don’t think he intended that and certainly I should resent any 
such suggestion, because I am sure that our experience with 
33,000-volt cables, unhappy as it was years ago, today proves 
definitely and quite conclusively that a 33,000-volt cable can be 
made to give satisfactory service without oil ducts, whatever 
conditions of high voltages are ealled for. 

R. J. Wiseman: Mr. Del Mar has presented to the public 
the views some of us have had for some time as to the effect of 
voids in cables. However, I think it would have been better if 
he had eliminated reference to atmospheric pressure. Voids 
are created in a cable due to the oil contracting as it cools and 
endeavoring at the same time to maintain a balanced pressure. 
This means that if a cable is sealed and the oil cools, it is below 
atmospheric pressure. <A cable in operation with sealed ends is 
rarely at atmospheric pressure, usually above, and below only 
when cooled. 

The size of voids in a cable will depend a great deal upon 
the type of oil and the freedom of motion. The size of the voids 
increases as we lower the temperature. This results from the 
capillary attraction of the oil to the paper. A tacky oil holds 
best and is likely to produce small voids rather than large ones, 
the latter being more objectionable. 

Fortunately, shortly after a cable is installed at 0 deg. cent., 
_ it assumes the temperature of the ground and therefore heats up, 
eliminating most of the voids produced at low temperature. 
It is most desirable to load a cable up for a few days after in- 
stalling it in order that the oil may become stabilized locally 
before making any voltage tests. Here the purchaser could help 
very well by actually putting a cable into service for a week and 
then making the acceptance test. This should be done on all 
high-voltage cables. 

Take the ease of the cables when they cool down after the load 
is removed, but the voltage is still on. Here it is advantageous 
that the dielectric loss be sufficient to heat the cable a few de- 
grees, thus preventing the formation of voids. This brings 
out an important point. A reasonably low dielectric loss at low 
temperatures is preferable to a very low loss. , 

Creation of voids in joints is most probably due to the draining 
of the oil into the cable. It is not a case of stabilizing pressure, 
but rather improvement in cable impregnation. In such a case, 
the heating of the cable with load does not help the joint. The 
joint is on the way to failure unless refilled. 

Herman Halperin: The impression is given in the paper 
that transient voltages cause many cable failures. In meetings 
of the A. E. I. C. Subcommittee on High-Voltage Transients on 
Underground Cable Systems, no information was given to show 
that transients cause any deterioration of the insulation. As 
expressed at a meeting of the subcommittee a few weeks ago, the 
opinion seems to be that the transients cause failures at unusually 
weal spots in the insulation; that is, the cable has usually been 
found obviously deficient at the point of failure, which cannot be 
said about cable failures in general. 


J. A.J. E. E. Journat, July, 1926, p. 627. 
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The failures due to transients have generally been distributed 
over all parts of the underground systems, and rarely have they 
been located at any particular point, as may be inferred from 
the paper. This experience has been reported by several 
companies and is checked by the experience of the Common- 
wealth Edison Company. 

In recent klydonograph investigations of surges on eight 
large systems, it was found that 85 per cent of the surges were less 
than twice normal voltage. About 1 per cent of the surges ex- 
ceeded four times normal voltage, and it appears that surges 
must reach this magnitude to be disturbing. The latter surges 
may be slightly in excess of the full-reel test voltage at the 
factory. On the other hand, samples of high-tension cable will 
usually withstand test voltages of 7 to 12 times rated voltage of 
the cable for about one minute. The duration of the transient 
voltage is only a fraction of a second and Peek and others have 
presented data to show that the dielectric strength of insulation 
increases very rapidly as the time is reduced to a fraction of a . 
second. One manufacturer has reported a case where the insula- 
tion withstood transient voltages of about three times the 
breakdown voltage he had been obtaining on dielectric-strength 
tests on samples. In regard to the decrease in dielectric strength 
on account of the higher frequency of the surges, it appears that 
this is more than counterbalanced by the increase in dielectric 
strength due to the shortness of the application of the transient. 
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In general, with cable of high quality, such as indicated as 
being desirable in the paper on the Quality Rating of High 
Tension Cable by Mr. Roper and myself, evidence seems to show 
definitely that transients will cause no failures or have any de- 
leterious effects on the insulation. 

In regard to the point in the first paragraph of the paper, that 
sections upon removal from ducts will withstand severe high- 
voltage tests even though they have failed in service, the failure 
occurred at the spot of lowest quality. These weak and irregular 
spots have been found repeatedly in accelerated life tests in 
Chicago, and the experience has been that if a portion a few feet 
long were removed from a section of cable, the voltage rating of 
the section would then be increased from 15 per cent to over 
100 per cent. In the dast part of the paper, there are listed the 
essential characteristics for successful high-tension cable, but 
the item of uniformity is omitted, although experience shows that 
it is of paramount importance. 

In connection with expansion and contraction incidental 
to the operation of cables and the consequent- formation of voids, 
the Commonwealth Edison Company has had an interesting 
experience with oil-filled joints on several lines of 22- and 33-kv., 
three-conductor, impregnated paper-insulated cables with fair 
impregnation. The joints were filled with a switch oil having 
a viscosity of about 200 seconds (Saybolt) at 25 deg. cent. 
Periodically the joints were checked as to the level of the oil in 
them, and sufficient oil was added (or removed in a few eases) 
to restore the level to its normal plane. Fig. 1 herewith shows 


1010 


the cumulative average number of pints of oil per joint added to 
these joints during the period of 5 to 8 months. In the average 
case, a total of about one gallon has been added in six months to 
each joint. This means that each length of cable had sufficient 
void space for one gallon of compound, which is sufficient 
compound to impregnate completely about 9 ft. of cable. 

F. A. Brownell: Apparently Mr. Delmar’s paper explains 
why so many of our cable failures occur during the off-peak when 
the cable is cooling or cool. 

In 1923 we had 107 failures in our 13-kv. cables. Sixty-one of 
them could not be classified as to cause. Forty-two of this 
group failed during the early morning hours while the cables 
were carrying practically no load. Other years have shown 
similar results. If it is possible for vacua to form in our present 
cables at a temperature they would attain on an off-peak load, 
it would seem that this condition could be overcome by a rapid 
equalization of oil under pressure, the use of a less viscous oil 
than is used at present, and theinstallation of areservoir on joints 
filled with the same oil that is used for impregnating the cables. 

We have found the formation of X in cables operating at 26 
kv., while in the laboratory it has required a potential of 100 kv., 
on the same make and type of cable before formation occurred. 
In cables impregnated with.a rosin-content compound we were 
unable to produce it at potentials up to 210 kv. We have had 
cables that have failed in service operating at 26 kv. and have 
shown signs of ionization. This would indicate that the pressure 
in the cable must have been below atmospheric to have had 
ionization at this voltage. 

D. W. Roper: Mr. Del Mar’s theory seems to be borne out in 
a number of instances in our experience. He refers to the con- 
‘traction of the compound in the eable; we have had a similar 
‘experience with compound in the joints. In’some of our 33-kv. 
joints, we use a compound similar fo that used in the cable; that 
is, a petrolatum. This particular line was operated practically 
without load for weeks at a time during the winter months. 
It was a tie line between generating stations and it was largely a 
reserve line on the generating capacity in the two stations. 

After some weeks of operation during the winter season, 
we began to notice a bulging of the joints. We tried to discover 
the cause of this bulging, and as nearly as we could determine, 
it was due to the formation of small vacua or voids in the com- 
pound in the joint. Had this cable been operated every day at a 
load which would warm the compound up to the melting point, 
the voids, when they reappeared, would probably not have re- 
appeared at the same location. You ean find these voids if you 
will take a mass of compound, either in a can ora glass vessel, and 
expose it to low temperature; you will find small voids perceptible 
to the naked eye, distributed throughout the entire mass of 
compound. If you take a different kind of a compound which 
has more cohesion between the particles,—a more viscous 
compound,—then when the compound cools there will be more of 
a settling of the horizontal surface so that there will be a 
serious depression, but with a compound of this kind, there is no 
great amount of settling of the surface; the cooling occurs by 
the formation of these minute voids throughout the mass of the 
compound. 

It appears that these small voids will cecur now and then 
adjacent to the conductor insulation which is in the joint, and 
when these occur, the ionization, due to the discharge in the 
voids, will occur, and in the course of time these voids will en- 
large. By careful examination of the joints when opened, we 
actually found some voids of approximately the size of the joint 
of the thumb, and adjacent to such voids, we found the evidences 
of ionization in the factory-applied insulation in these joints. 

There was undoubtedly some pressure within these joints as 
‘shown by the bulging of the lead sleeve at the joint, although 
these lead sleeves were covered with broken cement, so that it 
not only stretched the lead sheaths but cracked the cenient. 
‘The trouble has been cured by removing those joints so as to 
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remove this petrolatum and refill with a thin oil. This is the oil 
referred to by Mr. Halperin in his discussion and diagram. No 
such trouble occurred when the joints were filled with oil; in 
fact, trouble could not occur in a thin oil which was so thin as to 
be fluid at even the minimum operating temperature of the 
cable. The nature of the compound used in the joint, as nearly 
as our experience shows, must either be fluid or be of a character 
which will not permit the formation of these internal voids 
throughout the mass of the compound. 

J. F. Peterson: One must recognize that the burden of 
failures resulting from conditions characteristic of long jointed 
lines, must be borne by operating companies. Failure due to 
vacua in installed cable falls into this class. The following is 
submitted because it is thought that too much importance has 
been attached to this condition. 

Spaces or air pockets in insulation may be due to: 

1. Contraction of oil after impregnation 

2. Expansion of lead due to bending 

3. Contraction of compound due to cheese formation. 

Mr. Del Mar makes no attempt to show the harmful effects 
of pockets containing gases at atmospheric pressure. Indeed 
he attaches no importance to these. Failures are con- 
sidered to be due to the fact that after cables are installed, 
vacua are invariably produced, ionization takes place and 
ultimately failure results. This reasoning tends to exonerate 
the manufacture and shift cause of failure to a rather unfortunate 
condition with which operating companies must cope. 

It is my contention that air spaces, even at atmospheric 
pressure, constitute a very important cause of failure (the action 
being somewhat slower than for vacua, nevertheless very pro- 
nounced) and since, in a large measure, they are due to causes 1 
and 3, which are of manufacturers’ concern, it follows that the 
latter must assume some part of the responsibility. for failure. 
To substantiate this claim, consider the following:—-Assume 
an air pocket at atmospheric pressure in a valley between turns of 
5-mil paper; breakdown of this film, 0.0127 em. thick, occurring 
at 68.3 kv. per em. If the dielectric constant is assumed to be 


3.5 the potential gradient in paper will be _ 


= 19.5 kv. per 


em. or 49.5 volt per mil. This is not an uncommon value for 
average gradient under operating conditions and so it appears 
that harmful results may easily result. 

It remains, then, to explain the differences observed by the 
author between breakdown results on long and short lengths of 
cable. A partial explanation is given; namely, that of vacua. 
There is, however, another factor which tends to account for the 
results in-so-far as it assists the case of the short length. The 
latter is usually tested under oil where chances for reimpregna- 
tion are especially good; hence better test results. 

The last, paragraph of the paper gives ways of avoiding vacua. 
In the light of this discussion, it would seem that ways of dimin- 
ishing possibilities of forming air pockets would have been a 
more appropriate subject for consideration. 


W. F. Davidson (by letter): I am glad to note that Mr. 
Del Mar has attacked the problem of high-voltage cables from an 
angle which seems to be more in the direction of a real solution 
than many of our discussions of the ‘‘transient bugaboo.” 
After all is said and done, our cables must be able to withstand 
such normal and transient voltages as do exist. 


There is one phase of the paper which I wish to discuss; 
namely, the formula for this X or ‘‘cheese.’”” When we have 
once definitely ascertained this factor we shall have made a long 
stride toward determining the true cause of its formation and 
definitely stating the effects of internal vacua, ete. 


In the first place, I am surprised that it has been found possible 
to determine a chemical formula for X, because the original oils 
are known to be highly complex mixtures of several compounds 
and it is difficult to understand how we may be assured that the 
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resulting X is really one chemical individual. Until we have this 
assurance, a chemical formula has no significance. Possibly Mr. 
Del Mar can give his data. 

In the second place, as I understand the processes of analysis 
used in such cases—assuming that we have proved the existence 
of a single chemical individual—we would obtain the oxygen 
ratio by determining what was left after the hydrogen and carbon 
have been determined. This should give a definite value for n. 

Finally, we have no evidence presented to substantiate the 
statement that “it is apparently highly polymerized.”’ Here it is 
necessary to assume again that the substance is a chemical, 
individual for it is usual to ascertain the degree of polymerization 
by determining the molecular weight; and a mixture of several 
chemical substances cannot have a single molecular weight. 
But even so, the determination of molecular weight seems almost 
impossible in the case of a solid substance which is non-volatile 
and almost insoluble. 

J. A. Duncan (by letter): Mr. Del Mar’s formula 
* (Cio Hog O)n is of special interest to those of us who have been 
studying the deterioration of impregnating compounds and it is 
this formula which I wish to discuss. In order to include all 
possible interpretations of such a formula, one must discuss all 
possible values of n. This means all values of n from plus 
one to plus infinity, since zero or negative values have no 
meaning. 

Let us begin with the ease n equal to unity. The formula is 
then (Cy2 Hes O), which is very remarkable, because 26 atoms of 
hydrogen alone completely satisfy all the available valency bonds 
in a single molecule of 12 carbon atoms and it is difficult, if not 
impossible, to imagine how the other two hydrogens and one 
oxygen are attached to the molecule. The straight chain strue- 
ture in normal paraffins contains the maximum number of 
hydrogens possible if we attribute to carbon the valency four 
which, I believe, has always been found to be its maximum 
value. It is seen from the diagram of a paraffin (dodecane for 
example) 
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-C-C-C-C-C-C-C-C-C-C-C-C-C-C- 


H H 


(EG Ei SEE. 5 nh eB: May S Pits de cS) ON Rr he 


that the maximum number of hydrogens per molecule is two plus 
twice the number of carbons. No carbon except the two at the 
ends of the chain can hold more than two hydrogens because two 
of its four bonds are occupied in holding the chain together. 
Each of the two end atoms holds three hydrogens. 

The only way for a paraffin molccule to increase its oxygen 
content is for an oxygen atom to replace two hydrogen atoms or 
for a hydroxyl group O H to replace one hydrogen atom. In the 
former case, the hydrogen content is decreased and in the latter, 
it remains the same. If one O H group replaces a hydrogen in 
(Ci2 Hog) we should have (Cig Ho¢ O). 

If one oxygen atom alone is placed within the molecule, it must 
replace two hydrogen atoms in order to find bonds for its two 
valencies. This would give us two hydrogens less than we had 
to begin with and the formula would be (Cy2 Ho, O). 

It is thus highly improbable that one can have a compound 
with the formula (Cj2 Hes O) 

If n had any value greater than unity, the case would be even 
worse because this would mean a molecule consisting of two or 
more groups of (C12 Hes O) and one valence bond of each group 
would be occupied in holding the two together. The possible 
number of hydrogens too would be still further decreased. One 
of the first two terms of the formula must be incorrect or Mr. 
Del Mar has a new arrangement of the oxygen atom with valency 
greater than two or a carbon atom with valency greater than 
four. The only case I’ve ever heard of before where oxygen has 
a valency greater than two is in the so-called oxonium compounds; 
and I think it is true that the science has never known a ease of 
earbon with valency greater than four. 

Of course, Mr. Del Mar may not mean his formula as that of a 
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chemical individual, but merely gives it to indicate the proportions 
of carbon, hydrogen and oxygen in a mixture of substances which 
he found in a eable. If we allow mixtures, we can mix the 
original oils in the cable in many ways which would give us any 
specified ratio of carbon to hydrogen from the ratio one-to-four 
to the ratio infinity; and we could add air, moisture, or moisture 
and air, to take care of any amount of oxygen from zero to 
whatever number of oxygen molecules there are in a cable. 

It is fairly well known that mineral oils usually used in cables 
consist of mixtures of several hydrocarbons of various carbon 
contents. 

For example, suppose we had any number of molecules of 
normal hexane Cg Hy, and half of the same number of oxygen 
molecules in a mixture which we shall call A. The proportions 
of carbon, hydrogen and oxygen would be 12 to 28 to 1 as Mr. 
Del Mar indicates. 

Or suppose we had any number of molecules of normal do- 
decane Cy. Hog mixed with an equal number of water molecules 
H,O. Let us call the mixture B. The proportions of carbon, 
hydrogen and oxygen would again be 12 to 28 to 1. 

Any mixture consisting of any amount of A with any amount of 
B would obviously still have carbon, hydrogen and oxygen in 
the proportions 12 to 28 to 1. Such a mixture we should 
properly call X, following Mr. Del Mar’s happily selected 
notation. 

Let us assume a eable oil with 0.1 per cent each of hexane and 
dodecane. One gram of this oil would contain 0.001 gram of each 
substance. Let p be the actual number of molecules of 
hexane and gq the number of molecules of dodecane in 0.001 
gram. Then 


ra N 
Pp “86.112 x 1000 
N 
and q= 


170.208 x 1000 


where N is Avogadro’s number, Millikan’s value of which is 
(6.062 -+ 0.006) x 107? and 86.112 and 170.208 are the molecular 
weights of the two substances. One can have then a mixture of 
any number of molecules from (1 to p) of A with any number 
from (1 to g) of B and still have the proportions of carbon, 
hydrogen and oxygen indicated by Mr. Del Mar. The number 
of possible different kinds of X, no two of which are identical 
and each of which would fit Mr. Del Mar’s formula is 


N2 
86.112 X 170.208 x 1000 Xx 1000 


or DG = 2. xX 0ee 

The formula indicates no way except by guessing to tell which 
of the possible mixtures it represents. If each of the one hun- 
dred and ten million people in the United States would make a 
thousand guesses a day for fifty years this would be 2 x 10!° 
guesses. The chance of one of these guesses coinciding with 
Mr. Del Mar’s X is a little less than one in 1.25 X 10” or in 
other words one in twelve and half thousand billion billion and the 
guessing would be further complicated by the 99.8 per cent of the 
oil which we did not. consider specifically in the above p 
and q. 

C. F. Hanson (communicated after adjournment): In some 
localities, high-voltage cables operate at relatively low tem- 
peratures. From the point of view of dielectric loss and the 
possibilities of cumulative heating, these low temperatures of 
operation are considered favorable. However, from the point 
of view of internal vacua, these low temperatures are detrimental, 
if the cable is not permitted to ‘“‘breathe.” 


The conditions upon which I base my calculations in arriving 
at the foregoing conclusions are as follows: 


1D 28 Gl = 


-1. The maximum operating temperature of the cable insula- 
tion during summer months is 40 deg. cent. (104 deg. fahr.) 
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2. The minimum operating temperature of the cable insula- 
tion during winter months is 20 deg. cent. (68 deg. fahr. ) 

3. The temperature of the cable insulation at the time of 
installation during summer months is 30 deg. cent. (86 deg. 
fahr.) 

4, The temperature of the cable insulation at the time of 
installation during winter months is 15 deg. cent. (59 deg. fahr. ) 

5.- It is assumed that an internal pressure of one atmosphere 
is established throughout a length of cable while the ends of the 
cable are open for splicing purposes. 

6. The impregnation of the cable is expressed in terms of 
per cent of air by volume based upon the total air in the cable prior 
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to impregnation. The air content is considered to be that which 
prevails at 25 deg. cent. (77 deg. fahr.) 

7. The temperature coefficient of expansion of the impreg- 
nating compound is considered to be 0.1 per cent per deg. cent. 

8. The internal pressure in the cable which will cause a 
permanent stretch in the lead sheath is considered to be 4 
atmospheres. (Approximately 44 lb. per sq. in. gage pressure.) 

9. The impregnating compound and the fibers of the paper 
are considered incompressible. 

10. The temperature coefficient of expansion of the lead and 
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of the copper is considered negligible, particularly in view of the 
fact that an expansion in the lead is partly counteracted by a 
simultaneous expansion in the copper conductors. 

11. A length of cable is considered sealed at each end by 
virtue of a non-flowing splicing compound. 

12. The volume of air varies according to Boyle’s law in 
regard to pressure. 

13. The volume of air varies according to Gay-Lussac’s law 
in regard to temperature. 

Within the foregoing conditions, I have calculated for various 
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percentages of air, the internal pressures which will prevail in a 
cable during maximum load in the summer and during minimum 
load in the winter when the cable is installed during summer 
months. The results of these calculations are shown in Fig. 2 
herewith. I have also made corresponding calculations for a 
cable which is installed during winter months, and show the 
results in Fig. 3. ; 

In Fig. 2, the lower curve shows that the internal pressure of 
the cable is always less than atmospheric during light loads in 
winter. If the ionization voltage of air is proportional to the 
pressure, then it is evident from this curve that a poorly impreg- 
nated cable is superior to a well impregnated cable. For 
example, if, in a cable of a particular wall and voltage, the 
ionization pressure is 0.8 atmosphere, then the cable having an 
air content of five per cent or more would operate without 
ionization. On the other hand, the cable having an air content of 
less than five per cent would operate during winter months with 
ionization which will produce carbonization. 

If cables are installed during winter months, then operating 
conditions are more favorable in regard to internal pressure. A 
eable would have to be well impregnated before its internal 
pressure would be less than one atmosphere during winter 
operation. For example, only those cables having an air content 
of less than 1.5 per cent would have an internal pressure of less 
than one atmosphere during light load in winter. The reduced 
pressure in this case is brought about by a permanent stretch in 
the lead sheath. The permanent stretch is produced during 
heavy-load periods in summer. 

A comparison of Figs. 2 and 3 indicates that when non-flowing 
splicing compounds are used, winter installation is more desirable 
than summer installation. Furthermore, the curves in these 
illustrations, indicate that cables deteriorate mostly in winter, 
particularly if the cables are installed in summer. ° 


It is not advocated that cables should always be installed 
during winter months. Winter installation is only a means for 
partly alleviating the unfavorable conditions caused by the use of 
non-flowing splicing compounds. ‘The proper installation is that 
which will permit a cable to “‘breathe’’ as the temperature of the 
cable changes. Such installation is exemplified in the present- 
day use of very liquid splicing compounds and the application of 
syphons. 


W. A. Del Mar: The principal discussion of my paper has 
taken place in the personal meetings and correspondence before 
and since the Madison meeting, and I have been surprised and 
gratified by the great interest manifested. 


As I intimated in my paper and as repeated by Mr. W. S. 
Clark, there is nothing new in the basie ideas presented, but the 
implications which bear on ordinary cables seem to have been 
ignored almost completely by operating men and manufacturers 
alike. If any manufacturer had these ideas clearly in mind, 
his duty to the industry was to pass them on without delay to the 
cable users. So far as I know, this was done for the first time 
when I gave copies of a memorandum on this subject to several 
members of the Underground Systems Committee of the 
N. E. L. A., nearly a year ago. 

We all recall the classic 1919 papers by Shanklin and Mat- 
son,” and Dubsky,®? wherein it is shown that films of gir en- 
trapped in a cable ionize at an insulation stress of about 19 kv. 
per em., but perhaps we neglected to note, as the three authors 
named coe were silent on the subject, that es stress applies 
to air at atmospheric pressure only. 

We reeall, moreover, the work of such experimenters as Peek, 
proving that the ionization stress of air is approximately pro- 
portional to the air pressure. 


Combining these researches, we obtain Table I, showing the 


2. Transactions A. I. E. E., 1919, p. 489, 
3. Transactions A. I. E. E., p. 537. 
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relation between ionization stress in cable insulation, and air 
pressure.* 


We are now equipped with an important tool which, in our 


hands three years ago, might have saved the electric power 
industry and the cable manufacturers a considerable amount of 
worry. In order to understand this, consider the matter in 
Table II, which shows the maximum stresses for several typical 
triplex cables and the air pressures required to prevent ionization 
at these stresses, taken-from Table I. The table may be sum- 
marized in afew words: 

Cables of the 13,000-volt class do not ionize even though the 
pressure may be somewhat below atmospheric. 

Cables for 22,000 volts have an ionization pressure of about one 
atmosphere. 

Cables for all higher voltages as listed require an internal 


TABLE I 
Relative ionization 
voltage as fraction of Tonization stress 

Air pressure, that at 1 atmosphere taking 19 kv./em. for 
atmospheres (Peek) 1 atmosphere 

One 0.2 3.8 

0.2 0.3 . Da 

0.5 0.53 10.0 

OG . 0.70 1323 

1.0 1.00 19.0 

1.25 1.22 23.2 

1.50 1.44 27.4 

2:0) 1.90 oOuL 

2.5 2.35 44.7 


pressure of between one and two atmospheres. This is a con- 
clusion of great importance which seems to have escaped the 
attention of the industry. It is well known that cables for 
over 22,000 volts belong in a different class, from an operating 
standpoint, from those for lower voltages. The former 


TABLE II 
TRIPLEX 350,000-CIR. MIL CABLES 


Internal pressure 
Working voltage Insulation required to vre- 
between phases, | each conductor, Maximum vent ionization, 
Ky. 64ths in, stress, kv./em. atmospheres 
13 12 16 0.8 
13 9 19 1.0 
22 19 20 ve) 
22 18 21 ‘Wat 
24 18 23 1525 
26.4 18 25 156355 
21.6 19 25 1.35 
33 19 30 1.65 
33 23 26 1.40 


have had either excessive failures or at least show deterioration of 
the insulation, except in a small minority of cases. The latter 
give little or no trouble. 

Similar information for single-conductor cables is given in 
Table III, from which it appears that cables for 132-kyv. circuits 
with 60/64-in. insulation require about 314 atmospheres, which is 
near the limit of strength of an ordinary lead sheath. 

It is also a curious fact that the trouble seems to increase the 
more carefully the cable is made. This is because of the dif- 
ference in impregnation; the more thorough this is, the greater 
the vacua due to contraction. This has been very clearly 


4, If the air films are very thin, this relation does not hold; but expe- 
rience shows that it is approximately correct for most of the films of the 
dimensions found in cables. 
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brought out by Mr. Hanson’s discussion. For this reason, some 
of the cables of five years ago seem to be more reliable than those 
of today. 

The effects of ionization in the order of their occurrence are— 
formation of X, carbonization of oil, formation of dendritic 
patterns, and eventually failure. The action may, however, 
stop at any point, as cables are in operation which have been full 
of X for years.and carbonized oil has been known to exist for 
years in cables without further deterioration, probably because of 
increased internal pressure. 

Let us consider what has been done by operating engineers to 
influence the internal pressure of high-voltage cables. 

First, they have written specifications which compel the 
furnishing of “over-saturated”’ cables, 7. ¢., cables in which high 
vacua are formed if operated as they have been in the past. : 

Second, they have done most of their installation work in 
summer, thereby insuring the occurrence of vacua in winter. 

Third, until recently they have used splicing compounds which 
seal each length of cable and make pressure equalization 
impossible. 

Fourth, they have given no consideration to the installation 
and operating conditions which influence internal pressure, 
thereby leaving the pressure to take a chance value which might 
or might not permit their cable to survive. 

It seems necessary to put a definite predetermined pressure on 
high-voltage cable insulation and maintain it with scrupulous 
eare. Forward-looking practise points to the use of spindle oil 


TABLE III 
SINGLE-CONDUCTOR 500,000-CIR. MIL CABLES ‘ 
7 : Internal pressure 
Working voltage required to pre- 
to ground, Insulation, Maximum vent ionization, 
Ky. 64ths in. stress, kv./em. atmospheres 
23 40 24 Tes 
26 40 27 ibebs 
43 52 38 Pes | 
43 60 F. 35 1.9 
76 60 62 3.4 


splices and syphons. I believe that by this means some cables 
which have had their operating voltages lowered due to con- 
tinual failures will be successfully restored to their rated voltages. 

When all high-tension cables are- equipped with pressure 
gages and pressure-maintaining devices, the guarantee clauses in 
cable specifications will assume a legitimate significance. Mr. 
Petersen sensed this point very clearly in his discussion. 

T agree with Mr. Dunsheath that all high-tension cables do not 
have to be supplied with special oil ducts, as it is possible to 
maintain adequate pressure in most cases by relying upon natural 
interstices in the cable. 

My paper supports Mr. Halperin in his views about transient 
voltages, by furnishing an explanation of certain failures which, 
in the past, have been blamed on transients. 

Mr. Petersen’s explanation of the higher breakdown voltage 
of short lengths as: compared with complete feeders,—namely, 
that oil from the terminal tanks is sucked into the cable,— 
cannot be correct, both because the opposite action occurs due 
to the heating of the cable, (7. e., the cable oil is expanded and 
driven out), and because the same relation holds if the short 
lengths are tested without oil terminals or tanks. 

Mr. Brownell has brought out an interesting point in men- 
tioning that X forms more readily at 26 kv. in service than at 100 
kv. in the laboratory. 

Mr. Davidson seems to have taken my formula for X more 
seriously than I had intended. I used a formula only because 
the results of analysis as percentages are hard to visualize. The 
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evidences of polymerization are to be found in high specific 
gravity, solidity, insolubility, and infusibility considered in 
connection with the known origin of the material. 

Mr. Dunean’s discussion of my formula for X is very much to 
the point. He shows clearly that the suggested formula is 
untenable, and I am rather inclined to believe that the explana- 
tion is that the oxygen atom is superflous. We can now form X 
in such vacua that it seems that no atmospheric element can 
enter into its composition. The chemists obtained the oxygen 
by difference and not by any positive test, so that its existence 
is at least open to doubt. The formation of X is preceded by an 
apparent increase of surface tension, 7. e., the oil acts as if its 
surface tension had inereased very greatly, causing it to form into 
drops. Perhaps the polymerization which characterizes X 
formation is a result of this surface tension; 7. e., it may be 
nothing but a further drawing together of the molecules. 

Mr. Roper’s: and Mr. Halperin’s discussions add important 
~ material to our general store of knowledge on this subject. There 
are more of this kind of data which bear on pressures and vacua 
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in cables to be gathered from the experience of operating engi- 
neers. For instance, it has been found that splices which are 
equipped with unweighted syphons have a lower breakdown 
voltage than identical splices without the syphons, and some 
people would interpret that as indicating that the syphons might 
be an objectionable feature. The explanation as furnished by one 
of the earliest users of syphons is that splices tested with them are 
at atmospheric pressure inside, whereas those tested without 
them, being heated by the dielectric losses, have an internal 
pressure which may be very considerable. The internal pressure 
naturally increases the dielectrie strength and raises the break- 
down voltage at the splice. The obverse of this is seen in the 
trouble experienced with both cables and joints where vacuum 
joints have been used. 

A full realization of the significance of cable vacua and pres- 
sures should materially assist in the design of cables for much 
higher voltages than now considered practicable, without 
departing from the diameters which ducts and handling diffieul- 
ties now impose. 
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CIRCULATION OF HARMONICS IN TRANSFORMER 
CIRCUITS! 


(LENNOX) 
Niagara Fauzs, N. Y., May 27, 1926 


D. C. Prince: There are, in general, two ways of regarding 
such waves as those set up by commutating devices whether of 
rotating or static character. Fig. 4, in Mr. Lennox’s paper, is 
typical of the waves encountered. Such a wave may be re- 
garded as made up of a series of constant-amplitude waves of 
different frequencies, as Mr. Lennox has done, or it may be re- 
garded as a succession of simple states. 

From this latter point of view, the wave shown consists of direct- 
current portions joined by portions of constant slope. Both 
these states must independently obey Kirchoff’s laws. This 
enables the wave forms, at least in the simpler networks, to be 
made up, taking into account the various impedances. 

In particular, the transition portions of rectifier waves have as 
their driving force the impressed sine-wave so that the transition 
currents are sine waves of fundamental frequency superimposed 
upon either steady or decaying direct currents. These lend 
themselves readily to quantitative analysis where the harmonic 
analysis may present some difficulty. 

From the point of view of inductive interference, some error 
may be invited if the analysis method is used. For instance, a 
square wave under harmonic analysis may give waves of all 
frequencies which are multiples of the fundamental. Some of the 
frequencies with the indicated amplitudes might set yp objection- 
able interference. Physically, however, the inductive effect is 
in the form of impulses sent out at half-eycle intervals. These 
impulses set up a series of damped wave trains in a resonant 
circuit or simply a series of pulses in a circuit damped beyond the 
eritical point. Neither of these responses is necessarily objec- 
tionable. The difference is that, when a wave is analyzed, the 
effect of all the components must be included. Many of these 
will have cancelling effects which might be lost sight of in treating 
any given problem by harmonie¢ analysis. 


A FLUX-VOLTMETER FOR MAGNETIC TESTS! 
(CAMILLI) 
Niagara Fauus, N. Y., May 27, 1926 
R. L. Sanford: For the determination of the average value 
offan alternating electromotive force a rectifier of some kind is 
necessary. While somewhat difficult to keep in good working 
condition, the rectifying commutator, either mounted directly 


1. A.I. E. E. Journar, August, 1926, p. 755. 
1. <A. I. E. E. Journar, October 1926, p. 989. 
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on the generator shaft or driven by a synchronous motor, has 
been, up to the present time, the only satisfactory apparatus for 
the purpose. The commutator has a number of disadvantages 
which are obvious to any one that has had occasion to use it and 
the development of a really satisfactory method for measuring 
average volts represents a distinet advance in the art. 

The device described by Mr. Camilli has the advantages of 
simplicity and portability. While the evidence of its reliability 
presented in the paper seems to be fairly conclusive, it was felt 
that a really crucial test would be a direct comparison with the 
rectifying commutator using a sine wave of voltage and also with 
various degrees of distortion. This was done at the Bureau of 
Standards. In making the test, the commutator brushes were 
adjusted for rectification at the zero point on the wave and its 
condition was checked by noting that the reading of an a-c. 
voltmeter was the same whether connected to the source directly 
or through the commutator. The average volts were read by 
means of a Brooks deflection potentiometer and a volt-box. 
Simultaneous readings were taken by different.observers with 
the potentiometer and the flux voltmeter, and the values in all 
cases agreed well within the limits of the allowable error. It 
appears, therefore, that the flux voltmeter measures average 
volts with a satisfactory degree of accuracy and should prove to 
be a very useful instrument for a number of purposes. 

As pointed out by Mr. Camilli, the total core loss with a dis- 
torted wave is somewhat high, as the eddy-current loss is pro- 
portional to the square of the effective voltage rather than to 
the average voltage. He has indicated an indirect method 
for making the correction. It would appear better, however, 
to determine the correction directly by making measurements 
with different degrees of distortion, noting the effective voltage 
ineach case. The correction can then be made by simple caleu- 
lation. This method has the advantage that no assumption as 
to the ratio of eddy currents to hysteresis is necessary. 

W. H. Cooney: Any one who has endeavored to obtain a 
given core loss twice on the same transformer when using differ- 
ent generators on each test with consequent variations in wave 
form will appreciate the development of a meter which will give 
consistent results regardless of how distorted or how near sine 
wave the wave form is. 

In the past, many core-loss correction outfits have been based 
on setting voltage by an a-c. voltmeter, thus getting the r. m. s. 
value. Since, as Mr. Camilli pointed out, only the eddy 
loss is a function of the r. m. s. value, the correction 
which had to be made was almost entirely in the hysteretic 
component. That this was not the proper end from which to 
tackle the problem can be realized by considering the general 
proportion of hysteresis and eddy losses. 
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Eddy losses are very rarely more than 20 per cent of the total 
loss and are usually much less. By the use of this scheme, which 
holds the average voltage corresponding to the effective sine-wave 
voltage desired, the correct hysteresis loss is maintained and the 
correction need be made only on the eddy component, which, as 
has been said before, is comparatively small. 

Some of the previous core-loss corrections consisted essentially 
of a small ‘‘standard’’ transformer excited in parallel with the 
transformer under test, and one of two methods was used: 
(1) The available voltage was varied until the ‘‘standard” trans- 
former held the desired core loss; or (2) the available voltage was 

‘adjusted to the desired root-mean-square value (regardless of 
the wave form) and the loss of the transformer under test was 
corrected in the same proportion in which it was necessary to 
correct the ‘‘standard”’ transformer in order to put the latter on a 
sine-wave basis. 

The objections to the use of a small “standard” are quite 
apparent. The chief objection is that the ‘‘standard” is very 
seldom at the same density as the main transformer and thus is 
not operating on the same part of the density-loss curve which has 
a decided “‘knee’’ in it. It is necessary to maintain all sorts of 
calibration curves with the increased liability of introducing 
errors. There is finally the general objection that a small model 
in tests of this sort cannot be expected to duplicate the phenomena 
occurring in large apparatus. 

The only correction which needs to be applied to this meter 
(for eddy loss) can be made very easily, as very few calibration 
curves will be necessary since the division of hysteresis and eddy 
losses can be determined closely enough for any given line of 
steel. The only possible case in which this meter will be in- 
accurate is where the wave goes through zero more than twice 
in a eyele, and this should never occur in commercial testing. 


Aram Boyajian: The simplicity of the theory, construction 
and method of application of the flux voltmeter may tempt us 
to underestimate the excellent engineering which has been in- 
corporated into this outfit. It is true that such parts of the outfit 
as d-c. voltmeters and vacuum-tube rectifiers have been available 
separately, and it is also true that the mathematical relation 
between maximum flux density and arithmetical average voltage 
has been known to the electrical art for a long time. It re- 


mained for Mr. Camilli, however, to bring together the theory. 


and these pieces of apparatus into an outfit which accomplishes a 
new function in a new and very satisfactory manner. The ac- 
curacy and consistency of core-loss tests made with the aid of 
this outfit are surprisingly good, especially in comparison with the 
older schemes. The extent to which the older schemes under- 
- estimate the core loss under conditions of bad wave distortion 
will no doubt interest very strongly inspectors on acceptance 
tests as well as those engineers who draw up specifications. 


T. C. Lennox: [should like to point out the advantage of this 
device for determining the core losses in interphase transformers 
for rectifiers. These interphase transformers have voltages 
which are not of sine-wave form and furthermore have different 
wave forms for different conditions of load so that it is difficult 
to obtain loss measurements which are representative of actual 
losses under load. The flux voltmeter could be very easily 
applied to obtain the actual flux densities under load conditions 
and thus aid greatly in obtaining a correct measurement of the 
efficiency of the equipment as a whole. 


CURRENT TRANSFORMERS WITH NICKEL-IRON 
: CORES! 


(SPOONER) 
Niagara Fauus, N. Y., May 27, 1926 


I. F. Kinnard: In the design of current transformers, it has 
long been recognized that a core material having low losses and 
high low-induction permeability is desirable. It is undesirable, 
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however, to have the permeability of a transformer core changing 
very rapidly over its working range. 

Wonderful strides have been made in perfecting magnetic 
materials in recent years. The material described recently by 
Messrs. Arnold & Elmen? known as ‘‘permalloy’”’ has properties 
which recommend it very highly for the use Mr. Spooner has 
outlined. Mr. Spooner has not given us any specific magnetic 
or metallurgical data on hypernik, but it probably can be as- 
sumed that it is very similar in its properties to the series of iron- 
nickel alloys described by Yensen®. 

Permalloy in particular, and, to a lesser degree, other iron- 
nickel alloys, partially fulfill the requirements of an ideal core 
material. The reason they do not more completely fulfill these 
requirements is largely due to their rapid change in permeability. 
Infact, ata fairly low induction the permeability falls off so rapidly 
that the accuracy of the transformer is seriously impaired, as 
pointed out by the author. This is particularly troublesome in 
the through-type or bushing transformers where the operating 
density is necessarily high with secondary burdens usually met 
with in practise. 

It is to be hoped that further improvement may make it possi- 
ble to utilize the remarkable properties of these various alloys 
to greater advantage; that is, that their range of usefulness may 
be extended to transformers having less than 200 ampere-turns 
which will operate secondary burdens up to at least 15 or 20 
volt-amperes. 

I am interested in Mr. Spooner’s description of utilizing the 
coordinate a-c. potentiometer for measuring the magnetizing 
and watt components of the exciting current. This is a big 
improvement over most methods used in the past. I believe 
it is possible to extend this general method so that a strictly 
null setting may be obtained and the possible accuracy made 
even greater. We must not lose sight of the fact, however, 
that the real criterion of a transformer’s performance is the 
precision measurement of its ratio and phase angle. 

Several laboratories are equipped to measure these quantities 
directly to a higher degree of accuracy than we can hope to 
reach by their calculation from a knowledge of exciting current 
and magnetic properties. 

W. K. Dickenson; The ideal toward which every instrument- 
transformer engineer is working is to obtain a minimum error 
in the ratio of transformation of voltage or current, particularly 
that part of the error commonly called the phase angle, which 
is caused by the secondary voltage or current not being in exactly 
180-deg. phase opposition to the primary voltage or current. 

In current-transformer design, this has usually been accom- 
plished by the use of a relatively high number of ampere-turns 
(usually 1000 to 2000) and by a considerable cross-section of 
core iron. This materially limits the use of the through-type 
or single-turn-primary type of transformer, since, as there is 
only one turn available, the current has to be 1000 amperes or 
more to give a sufficient number of ampere-runs for a good 
transformer. 


A very considerable improvement in the characteristics of 
transformers, particularly current transformers, has been ob- 
tained by the now very common use of silicon steels. It is very 
encouraging to note the further improvement in both the ratio 
and phase-angle errors by the use of high-permeability steels, 
such as hypernik and other nickel-alloy steels, such as nicaloi 
or permalloy. Mr. Spooner has shown that not only can the 
ampere-turns be reduced (he states a minimum of 200 ampere- 
turns) but the weight of core can also be reduced by the use of 
hypernik. 

As pointed out by Mr. Spooner, however, it is to be regretted 
that only low secondary burdens may be operated by trans- 
formers having cores of these nickel-alloy steels, because of 
their characteristic of becoming saturated at quite low magnetic 
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densities. It is unfortunate that in the particular application 
where the through-type or single-turn, primary type of trans- 
former would be of greatest value, viz., in large power stations, 
the secondary burden is likely to be fairly high, due to the neces- 
sary length of the secondary leads. These leads are seldom less 
_ than 100 ft. in length (200 ft. No. 10 A. w. g. wire equals 5 volt- 
amperes) and in one of the new stations in New York City the 
secondary leads are 1000 ft. in length, 2000 ft. of wire (50 volt- 
amperes for No. 10 A. w. g. wire). : 

It is to be hoped that means may be discovered that will 
enable us, through a wider range, to take advantage of the very 
encouraging results obtained by Mr. Spooner by the use of nickel- 
iron alloys. 

Thomas Spooner; Mr. Kinnard is correct in assuming that 
hypernik is a nickel-iron alloy. The nickel content is approxi- 
mately 50 per cent. Hypernik, however, is a very special alloy, 
in that it is made from very pure raw materials in a type of 
electric furnace which permits of no contamination. After 
being rolled to the proper thickness it is given a special, somewhat 
expensive heat treatment which was developed for this particular 
material. 

Mr. Kinnard has perhaps misunderstood my purpose in using, 
to a large extent, calculated instead of test values for current- 
transformer performance. It was first shown that for through- 
type transformers, this is a reliable procedure. The calculated 
performance for a number of sizes of transformers was then 
determined, since this is much quicker than actually constructing 
the transformers and then testing them. If transformers are 
actually to be built, it is of course better to measure than to 
caleulate their errors if accurate results are desired in order to 
take care of variations in the core material and, in any but 
through-type transformers, of the effect of joints in the magnetic 
circuit and of magnetic flux leakages. 

Referring to Mr. Dickenson’s remarks, while it is true that 
the nickel-iron alloys saturate at a considerably lower induction 
than do the silicon steels, the permeability of hypernik is never- 
theless higher than that of the best laboratory-prepared silicon 
steel up to an induction of five or six kilogausses. This corre- 
sponds to a fairly large secondary burden, even for low-ratio 
through-type transformers, thus making hypernik superior to 
silicon steel even under these adverse conditions. 


THE RETARDATION METHOD OF LOSS DETERMINA- 
TION AS APPLIED TO THE LARGE NIAGARA FALLS 
GENERATORS! 


(JOHNSON) 
Niagara Fats, N. Y., May 28, 1926 


R. B. Williamson: The testing of large generating units 
after they have been installed in the power station is becoming 
more common than was formerly the case because the great 
increase in size has rendered satisfactory factory testing very 
costly;in many cases it is, in fact, impracticable because the 
machines are not completely wound and assembled at the factory. 
There is no doubt that a great deal of money has been expended 
in the past on unsatisfactory factory tests that could have been 
made to much greater advantage after installation. Any 
methods of testing, therefore, that are of advantage when 
machines have been set up ready for use are worthy of very 
careful study and we are much indebted to Mr. Johnson for the 
present paper which shows the application of the retardation 
method to some of the largest hydroelectric units so far built. 

In factory testing the usual method of determining losses is 
by means of a calibrated driving motor, but this is often difficult 
to apply to large vertical units. When using a driving motor 
it is frequently difficult to hold the source of power steady enough 
to avoid periodic swings in the power input to the motor and 
this affects the accuracy of the readings. When large machines 
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are tested in the power house by measuring the input with 
the generator operating as a motor supplied from a second water- 
wheel unit, the source of power is much steadier and corre- 
spondingly better results can be obtained. Even here, however, 
difficulties are sometimes met due to periodic variations 
caused by slight hunting of the water-wheel governor. One 
great advantage of the retardation method is that, after the 
machine has been run up to or slightly over speed, the driving 
power is cut off and all fluctuations due to variations in driving 
power are also cut off. 


In applying the method to water-wheel units where it is neces- 
sary to leave the wheel connected and thus rotate the runner in 
the water-wheel casing, it is important that the casing be drained 
and also opened by removing the manhole covers. I recall one 
instance where a retardation test was being made and unac- 
countable variations were found in the speed. The casing had 
presumably been drained but the vents had not been opened and 
it was found that a considerable quantity of water was being 
thrown around in the casing. The manhole covers were then 
removed, the casing completely drained well below the level of 
the runner, and there was no further trouble. 


As pointed out by Mr. Johnson, it is not essential that the 
fly-wheel effect of the rotating parts be known in advance pro- 
vided means are at hand for measuring the kilowatts required to 
drive the machine as a motor at known speed. If the loss is 
thus measured, the fly-wheel effect for use in the other tests can 
then be calculated with a sufficient degree of accuracy. Usually, 
however, there is no difficulty in obtaining a close estimate of the 
fly-wheel effect from the manufacturer and the retardation tests 
are sufficient to obtain the losses by the methods described. 


The analysis of the friction and windage of the three 32,500- 
kv-a. units in Table IV is of special interest. Unit A X as 
mentioned is equipped with shrouded steel-plate fans with 
curved blades, and baffles are provided to prevent eddies and 
short-circuiting of air around the fan. On account of the limi- 
tations imposed by the generator design, these fans have an 
efficiency considerably lower than that of regular blowers pro- 
vided with a spiral casing, but at the same time it is true that a 
generator of this type with such fans and baffles will show in 
general less windage loss than one where the air is free to eddy 
around. Where the peripheral speed of the rotor is fairly high, 
as in the present instance, the difference in windage loss may be 
considerably in favor of the machine with fans as in Table IV, 
whereas the general feeling of many users is just the opposite, 
z. e., that fans inerease the windage loss. The spider arms of 
large generators stir up vigorous air currents which involve loss 
in power; hence shrouding the arms to cut off these currents is 
frequently well worth while. 


It is of special interest to the designer to note that these tests 
indicate that the stray-load loss at a given speed varied as 
the square of the current. This, I believe, has been generally 
assumed to be the case and tests on many machines made by 
driving by means of a calibrated motor show this relation to be 
quite closely true. It is important, however, to. have this con- 
firmed by tests made on such a large generator and by a different 
method. The greater part of the stray loss is undoubtedly due 
to so-called eddy currents in the windings, but a considerable 
part is also due to stray induced currents in various parts of the 
machine structure caused by stray fluxes from the windings. 
It is fortunate, therefore, that notwithstanding the complicated 
make-up of the stray loss, it is found to be practically propor- 
tional to the square of the current. : 

We fully agree with Mr. Johnson that with the use of suitable 
instruments, such as he describes, the retardation method can be 
made of much more use than has been the case in the past. We 
also feel sure that with the more extended use of methods such 
as these, tests of machines after installation will supersede many 
of the factory tests now made on large or even moderate-sized 
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units, because such tests will be less expensive and very much 
more satisfactory. 

E. M. Wood and G. D. Floyd: At the Queenston plant of the 
Hydro-Electrie Commission, we have had the same problem of 
determining the conventional efficiency of large water-wheel 
driven alternators, and have in general solved it in a manner 
similar to that described by Mr. Johnson. Some of our condi- 
tions have been different from those described and have given 
rise to variants in the procedure,.some of which may be 
interesting. 

All our tests were made with the turbine uncoupled from the 
unit under test, as the units have two guide bearings. The units 
were started as described in the paper. Field current for approxi- 
mately normal voltage at no load was required on each of two 
similar units for sure starting. Starting currents at times 
swung to 14 rated current of one generator of 55,000 ky-a. rating. 

Manufacturers’ calculations of W R? were taken but were 
checked by wattmeter measurement of input to the unit as 
synchronous motor, whenever the governor of the driving unit 
would hold speed sufficiently steady to give reliable readings. 
The calculation checked closely with the test values. 

When conditions permitted this test, however, a complete 
curve of losses by wattmeter was taken down to approximately 
half voltage. Under proper conditions, these results are possi- 
bly more dependable than those from the retardation test but 
in most cases (but not all) the governor allowed the speed to hunt 
so that the results-were of doubtful value. 

The current transformers used were rated at about four per 
cent of the current rating of the generator and were connected 
across the blades of gang-operated disconnecting switches to 
protect them during starting and during changes of test condi- 
tions. A man was stationed at the switch with an ammeter and 
given instructions to close the disconnects quickly in case of a 
sudden rise of current. . 

On the first units tested, retardation tests were made using a 
stop watch and hand tachometer, varied by use of a tachograph 
and in some cases by use of a high-speed graphic voltmeter for 
the core-loss curves. We found these not very satisfactory for 
the reasons stated in the paper. 

On the last three units tested, a Cambridge chronograph 
adapted by Messrs. Borden and Floyd was used. Two elements 
record on a tape the following: 

1. One jog for each half-revolution of the generator. 

2, One jog for each revolution of a machine running at 
synchronous speed (1871% jogs per minute). 

From the tapes, speed-time curves were plotted, the rate of 
retardation at synchronous speed was found and the losses 
calculated. The average loss between one per cent above and 
one per cent below synchronous speed was calculated directly 
in most cases, as the average speed-time curve had been obtained 
very accurately between 110 per cent and 90 per cent of syn- 
chronous speed. In those cases where a curve of loss against 
speed was obtained, the loss at synchronous speed checked the 
calculated loss very closely. 


The method of reading the record, tabulating the results and 
calculating the losses given in the paper is very neat and simple. 
The long intervals were apparently allowable due to the high 
fly-wheel effect and slow retardation. In our case, the intervals 
had to be much shorter. This could be varied by using longer 
overlapping intervals. 

Curves of friction, windage and short-circuit losses were taken 
on one of our units by the retardation method with good results. 
The switching incident to this test is somewhat involved and 
must be earried out in a very short time, requiring careful 
preparation. In this test, it is of importance to observe the 
temperature of the armature windings. 

Mr. Johnson’s practise of running the retardation test to 
below 50 per cent of rated speed is new, and he has used it to 
obtain much interesting information. 
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V. Karapetoff: I am glad to hear a practical operating man 
recommend the retardation method because I have been urging 
its use for over 20 years. I learned about it in Europe where 
it has been used much more than here. The principal reason 
why, perhaps, it has not been used so much is that with small 
machines the rotating part stops too rapidly to allow an accurate 
measurement of retardation, and the second reason is the neces- 
sity for knowing the moment of inertia. 

Of course these difficulties are not insuperable and those 
interested in this method will find both in the Continental and 
in the British literature, quite a number of ingenious and indirect 
methods of measuring deceleration and the moment of inertia. 
The general theory will be found in my Experimental Electrical 
Engineering, Third Hdition, Vol. I, pp. 408-416. 

Mr. Johnson suggests that a convenient and simple method be 
developed for directly measuring the rate of retardation. I 
wish to mention a condenser device which was proposed quite a 
number of years ago for measuring acceleration and deceleration 
of railway trains, and which, with modern measuring instru- 
ments, should be satisfactory for the purpose desired. Consider 
a capacitor connected to a source of direct voltage. Then we 
have the relation: ¢g = C e, where q is the charge on the conden- 
ser, C is its capacitance, and e is the applied voltage. Taking a 
derivative of both sides of this equation with respect to time, we 
get dq/dt =Cde/dt. Call this current 7; then i = Cde/dt. 

Suppose that you have some device, such as a d-c. magneto 
generator, belted or otherwise connected to the generator under 
test, and let the induced voltage of this device be proportional 
to its instantaneous speed. Thene = kv, where vis the instan- 
taneous velocity, and k a coefficient of proportionality. Substi- 
tuting this value of e in the equation for the condenser current, 
we find that? = Ck (dv/dt). 

The value of dv/dt is the retardation of the machine, and 
the current flowing into or out of the condenser is proportional 
to it. In other words, if you have a magneto in series with a 
galvanometer and a condenser, the instantaneous indication of 
the galvanometer is a direct measure for the instantaneous 
retardation of the machine. 

W. J. Foster: Mr. Johnson has described the retardation ~ 
test and he has developed it, I think, to a higher degree of per- 
fection than any other person. 

There are three methods of testing large generators: the motor 
method, the retardation and the calorimetric. The first that I 
had experience with was the motor method and fairly good results 
were obtained, but it failed completely in the matter of the load 
losses or short-circuit losses. Since those losses have become 
very important the motoring method by itself is now obsolete. 


The retardation method was developed and practised several 
years ago quite extensively in the shops of the General Electric 
Company. It was found to be a very convenient method when 
the speed could be determined with accuracy and the W R? from 
calculation, but when the rotor contained castings there were 
always some uncertainties about the W R?. 


In our work we sometimes found it well to obtain the speed 
electrically, which is especially easy where there are direct- 
connected exciters and a battery is used to excite the field so as 
to hold the excitation perfectly constant. 


I regard the calorimetric method, however, as the coming 
method in most machines. Our hydraulic generators are going 
to become more and more totally enclosed and it is not in:the 
far distant future when we will have the closed system, the same 
air being returned over and over again. So I think that the 
most accurate method and the method by which we will obtain 
the real efficiency will be the calorimetric method. 


I say the real efficiency because the matter of taking the short- 
circuited losses as the load losses is an approximation to accuracy. 
It has been standardized and when it is used by the designers 
in calculations and in giving guarantees it, of course, should be 
measured in the test, and the total losses should include for load 
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losses the short-circuited losses. But by the calorimetric method 
the actual load losses are obtained and that is extremely 
important. 


I think that in such generators as Mr. Johnson has worked 
with, where he has housings around them, he can very well 
check up the results obtained by the retardation method. I 
wish he would do so as a supplement before this paper is published 
in the A. I. H. E. Transactions. It wouldn’t take over two 
days on one of those machines to do all of it. He should vary 
the power factor of the machine under test from unity down 
to 80 per cent, and thus be able to furnish extremely valuable 
data for designers as well as for users. 


I can’t speak in too high terms of the work done by Mr. John- 
son. I have been in contact with it somewhat and he certainly 
has used his brains. 


It was just a trifle amusing to me to notice his remarks with 
reference to the unusual opportunities that he had in having 
three generators of different design and also some combinations 
of hydraulic turbines to work with. 


No doubt the engineers of all of the manufacturing companies 
will agree that each has some compensation for the disappoint- 
ment he experienced in failing to receive the order for all three 
units,—in the excellent test data and the improved retardation 
method furnished by Mr. Johnson. 


Mr. Johnson discusses the effective resistance and gives 
formula (8). I wish to remind you that there are other losses, 
eddy-current losses in the magnetic material, and what is needed 
now is for data to be collected that will look towards the deter- 
mination of the effects of end magnetization. 


P. A. Borden: It is particularly interesting to learn that in his 
tests of generators, Mr. Johnson has been making use of the 
chronograph for the precise determination of speeds through a 
eyele of velocity values. A method almost identical with Mr. 
Johnson’s was developed independently by the Hydro-Electrie 
power Commission of Ontario, and since then has been employed 
in all its tests of large units where there was required a permanent 
and accurate record of all speed values during the time of 
observation. 


L. A. Doggett: (communicated after adjournment): In con- 
nection with the study of the losses of induction motors supplied 
with non-sinusoidal electromotive forces, some retardation runs 
have just recently been made at the Pennsylvania State College. 
These runs were on machines of 5 to 20 h. p. Although these 
machines are pigmies compared to Mr. Johnson’s 65,000-ky-a. 
unit, it would seem worth while to have on record some of the 
problems occurring at the other end of the scale of sizes. 


First, as to speed measurements, it soon developed that the 
attachment of a tachometer, whether of the mechanical or electri- 
eal type so altered the friction that the retardation curve was 
materially affected. For example, where it took 52 sec. to reach 
zero speed without the tachometer, it took 37 sec. to reach zero 
speed when a tachometer of the electric type was applied to the 
end of the shaft throughout the run, all other conditions remain- 
ing the same. To avoid this error a stroboscopic method was 
used, in which an are was supplied by a current of known fre- 
quency. The light from this are was directed upon a disk at- 
tached to the shaft. On this disk were arranged in the usual way 
circular rows of spots at uniform intervals, such as 45 deg. and 
30 deg. The time was noted when these spots reached apparent 
rest. With this arrangement very satisfactory speed-time 
curves were obtained. 


Second, as to W Rk? measurement, this value was determined 
in two ways. The first is as described by Mr. Johnson and in- 
volved a separate measurement of the friction and windage at a 
definite speed. This in conjunction with the retardation run 
gives a value for W R?, which for one five-h. p. induction motor 
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was 2.36 lb-ft?. A second value was determined by another 
method. In this method the rotor was removed from the stator 
and suspended vertically as a torsion pendulum and in this 
condition its time of swing was determined. The time of swing © 
was again determined when an additional known W fk? was 
attached to the rotor. From these data the W kh? came out 
2.26 lb-ft?. The torsion pendulum method is considered the 
more reliable. 


J. Allen Johnson: Several speakers have made suggestions 
as to the technique of the tests such as the necessity for draining 
the wheel: case and opening vents, the use of disconnecting 
switches to short circuit the small current transformers during 
adjustments, ete. These are desirable precautions. Messrs. 
Wood & Floyd have used a generator running at synchronous 
speed to measure time. It would seem to the author that 
much more accurate means of measuring time are available in 
the form of clock mechanisms. 

The electrical accelerometer outlined by Professor Karapetoff 
is extremely interesting and if it could be worked out into an 
instrument suitable for field use might be of value. At present 
it appears to the author as a scheme which might readily be used 
in the laboratory but hardly a tool for powerhouse use. It has, 
however, interesting possibilities, and the author looks forward 
to the time when the inherent merits of the retardation method 
will have created sufficient demand for such an instrument to 
justify some manufacturer in undertaking its development. 


Anyone who has carried out retardation tests and has observed 
the almost majestic steadiness with which these huge machines 
slow down under the influence of their own losses, completely 
unaffected by any outside influence, will share with him, the 
author believes, not only his conviction that in this method we 
have something elemental in its simplicity and trustworthiness, 
but also his desire for a means of making the necessary measure- 
ments of speed and rate of retardation as simple and direct and 
elemental as the method itself. Such a means seems to be 
provided in the use of a chronograph, revolution counter and 
timer. The author doubts if he could have equal confidence in 
the results obtained by any method less simple and direct, such, 
for instance, as electrical .tachometers or accelerometers in- 
volving the accurate knowledge of electrical constants and the 
necessity of accurate calibration. 


Mr. Foster calls attention quite rightly to the fact that in 
measuring the short-circuit losses we are only making an approx- 
imation to the actual stray-load losses. The author frankly 
recognized this fact in stating in this paper that these tests were 
to determine the ‘‘conventional”’ efficiencies of the machines in 
question. 


Mr. Foster proposes the calorimetric test to determine the actual 
load losses. The author sincerely hopes that successful results 
may be obtained in this manner, but confesses to some skepti- 
cism in the matter, when recalling.a test of this character, in 
which he assisted, made on a 7500-kw. generator in 1905 or 1906. 
The losses by radiation, the difficulties in determining accurately 
the average temperature of large volumes of air and of determining 
the mass and velocity of the air are a few of the practical obsta- 
cles which the author sees in applying the calorimetric method. 
He agrees with Mr. Foster, however, that no other method of 
determining the actual stray losses seems possible, and the 
desirability of finding out what these losses actually are probably 
justifies considerable trouble in perfecting the calorimetric 
method. He is of the opinion, however, that nearer two months 
than two days would be required to get any worthwhile results 
on the large generators by this method. ; 


Mr. Doggett’s method of determining W R? by using the rotor 
as a torsional pendulum is very interesting. To apply this 


method to a rotor weighing 400 tons, however, would seem to 
invoke some practical difficulties. 
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VARIABLE ARMATURE LEAKAGE REACTANCE IN 
SALIENT-POLE SYNCHRONOUS MACHINES! 
(KARAPETOFF) 

Niagara Faris, N. Y., May 28, 1926 


P. M. Lincoln: It would have added to our information if 
Prof. Karapetoff had gone a little further into the details of the 
amount of departure of this particular machine which he cites 
in the last part of his paper. 

The reactance of our large machines is becoming very much 
larger than it was ten or fifteen yearsago. At that time, internal 
reactance of generators was something of the order of 10 per cent 
—from 8 per cent to 12 per cent; nowadays, on account of the 
very much greater capacity of the machines, it is necessary to 
limit the amount of short-circuit current that will occur in order 
to secure safety In switching devices. And the best method 
of limiting of course, is to limit the reactance. The internal 
reactances of our large generators has gone from a matter of 10 
or 12 per cent up to 15 to 25 percent. It has more than doubled. 

Now Prof. Karapetoff has indicated that this much larger 
internal reactance can be properly divided into two factors. 
One of them is a reactance which is independent of the position 
of the phase of the current-carrying coils with respect to the 
poles, and the other factor is a factor which depends upon that 
relationship. 

I think it would add to the paper if Prof. Karapetoff would 
indicate the amount of departure between the tests and the 
assumption that the reactance is constant—how much is A L, 
what is the value of A L that he has discovered, what that rela- 
tion is that it bears to the L. 

E. B. Shand: Referring to Blondel’s theory of two reactions, 
assume that the armature conductors of an alternator are carry- 
ing current of which the phase relation may be represented by 
the accompanying Fig. 1; the armature turns are concentric 
with the field winding so that they will either add to, or subtract 


® ® © J 


LMicye 


from, the ampere-turns of the field. This component of current 
is that of direct magnetization. When the current is 90 deg. out 
of phase from the above condition, as is indicated in{Fig. 2, the 
flux produced by the armature magnetizing force will pass into 
one side of the pole and out the other side. Thus flux has always 
presented some difficulty to me in the way of definition.¥ If the 
ordinary transformer conception is adhered to, this flux, which 


Hie. 2 


does not interlink with the field winding, will be called leakage 
flux. On the other hand, the armature ampere-turns modify 
very materially the main flux of the machine and also may 
produce saturation effects so that it has always seemed to me 
that the definition ‘“‘cross-magnetizing flux’ in accordance with 
Blondel’s ideas is the better term for it. 


1. A.I1. E. E. Journat, July 1926, p. 665. 
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Any analysis of the kind given in this paper is greatly depen- 
dent upon where the line is drawn between armature cross 
magnetization and armature leakage reactance. JI should like 
Professor Karapetoff to give us his ideas on this matter and the 
assumptions he has made in connection with the paper. 

J. F. H. Douglas (communicated after adjournment): Pro- 
fessor Karapetoff’s article shows clearly how many factors must 
be considered in theory when accurately predicting the perform- 
ance of a synchronous machine, factors which do not enter into 
the performance at zero power-factor. 

His treatment of linkages of flux has the merit of rigor which 


Fig. 3—ILiustratTion To PRovE THAT THE BLONDEL Two- 
Reactance Diagram 18 IDENTICAL WITH THE DraGRAM IN- 
CLUDING A SUPPLEMENTARY REACTANCE Drop 


the arbitrary assumption of two ‘‘reactances’’ seems to lack. 
His equations (8) and (9) in conjunction with his Fig. 1 lead to 
an important relation 
DGG IN IG PZ IY) Se NYP? (1) 
on which it would be interesting to have an experimental check. 
He shows clearly that by considering theoretically derived 
constants X; and Mg, and the more usually known reactance, 
(X — Xs), values of the torque angle 6 and of the internal phase 
angle wy may be considerably in error. : 
The graphical construction given in his Fig. 3 follows along 
lines advocated by me in the discussion of an article in the 


Estes 
Air B 


Fig. 4—BuionpreLt Diacgram For ConpiTion or No DrreEcr 
REACTION 


A. I. EB. E. Journan for Jan. 1925,? with the added advantage, 
of course, of including the factor X.. 

Fig. 2 of his article is susceptible of interpretation in several 
ways. It is important to note that one interpretation is not 
inconsistent with the two-reactance theory in general and that 
of Dr. C. P. Steinmetz noted in Footnote 4 in particular. Con- 
sider the accompanying Fig. 3, which is Fig. 2 in the article with 
the point S added. The lines DS and BS are 

Distr Ce Cony Te me) (2) 
BS =I (X — X4) Siny = Ia (X — Xs) (3) 
We may locate the J X dropas BD + DD’, oras BS +S D’. 


2. Douglas, Engeset and Jones, Complete Synchronous Motor Excita- 
tion Characteristics. 


1020 DISCUSSION AT 
The latter interpretation of the figure is that the 7 X drop con- 
sists of two separate components, (a) one caused by the direct 
component of the current Jg acting with a reactance, Xq = 
X — X,, and (b) one caused by the transverse current J; acting 
on the reactance (X + Xs). 

Another viewpoint might be to regard S B as above and con- 
sider S G as a sort of total transverse voltage drop, due to the 


transverse current J; acting on the reactance Xo = X + Xs + Xz 
using the notation of Karapetoff’s equation (1da). Inasmuch as 
Xo = Xa +2 Xs + Xi (4) 


it will be seen that to consider X, and X, and neglect X, may 
result in considerable error. The graphical construction is 
in no way influenced by these interpretations but the theory 
becomes very much simpler, when we consider the constants 
Ma, Xo, and Xq, and disregard their components X, Xs and X t. 

As is well known, the zero full-load saturation curve can be 
used to evaluate both direct reaction and armature reactance. 
The reactance evaluated is, I believe, that reactance I have 
called Xg, namely (X — Xs). It would be most desirable to 
have an experimental method for the evaluating of the reactance 

= (X + X, + X,); the experiment which would be most 

useful would be to load a machine as an alternator, with a lead- 

ing current such that the angle y was zero, thatis, with the current 

wholly transverse. With this loading, the voltage terminal L, 

the torque angle 6, and the field current should be measured. 

Fig. 2 of the article then becomes the accompanying Fig. 4 
below, and the reactance X, and H, can bé computed by 

o = (X + XX) = (2 Sind) (5) 

E, = HCos@+IR (6) 

The value of #,, should check with field current J; if the theory 

is correct, and the value of X, could be obtained. 

I wish to record the conviction that the attempt to separate 
Xo into components X, X, and X;, will be very difficult. First, 
physically, where shall we picture the (X + X,) linkages as end- 
ing and the X; linkages as beginning? Experimentally X, alone 
can be measured. If we calculate X; theoretically from design 
data, and the residual X + X, is small, then there will arise 
the question whether our transverse coefficient is accurately 
known. For example, the whole effect could be attributed to 
an error in the theoretical derivation of the constant X;. Stated 
in a somewhat different way, I could, witha single value of arma- 
ture reactance X,, and a somewhat larger value of X; than Prof. 
Karapetoff uses, predict the same performance characteristics 
that he does, with the use of the three constants X, X, and X;}. 
(I am referring to the phase angles @ and y, for the field current 
another constant, that of direct armature reaction would have 
to be used.) 


Vladimir Karapetoff: In reply to Mr. Shand’s question, I 
should say that from a physical point of view we have in an alter- 
nator a doubly excited magnetic circuit, which is excited by the 
field winding and by the combination of the polyphase windings 
on the armature. There is a complicated flux which varies in 
space and in time, and only part of which moves synchronously 
with the poles, the rest corresponding to harmonics moving at 
different velocities, some in the direction of rotation of the 
machine, some against it. Any division into various armature 
reactions and leakage reactances is only a practical makeshift 
which perhaps is not rational from the physical point of view. 
The best we can do here is to play the game straight and not 
figure out the same fluxes twice.® 


The particular makeshift which Blondel proposed many years 
ago consists in resolving the armature currents into two compo- 
nents in time, one component which reaches its maximum when 
that particular group of conductors is opposite the center of a 
pole and the other group which reaches its maximum in the 


3. V. Karapetoff, ‘The Magnetic Circuit,’’ p. 150; Doherty and Nickle, 
Synchronous Machines, presented at A. I. E. E. Annual Convention, 
White Sulphur Springs, June, 1926. 
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position midway between the poles. The magnetomotive forces 
due to these two components are considered separately and also 
in combination with the field m.m.f. For details see the 
references given above. 


SAG CALCULATIONS FOR TRANSMISSION LINES! 
(Dwiacut) 
Niaaara Faris, N. Y., May 28, 1926 


M. G. Lloyd: I want to say something about the problem 
in general, and how it has been handled elsewhere. There are 
two ways in which it may come up. 

In a line that is already constructed, if you know what your 
sag is, you can get the tension very simply by this formula (2) 
which the author has given and which expresses the tension in 
terms of the sag, the loading, and length of span. 

I think the more usual case, however, comes up in the design 
of a line where you want to know how to string the wire so that 
under the worst condition of loading which it will experience or 
which may be assumed, it will not be stressed beyond a definite 
fraction of the strength. In that case you start out with your 
loading and with your definite tension and you want to find the 
sag. Formula (1) does that very simply for that loaded 
condition. 

The construction man puts it up, however, under some other 
condition, and he wants to know what the corresponding sag is 
under stringing conditions, and that is the thing which gives a 
lot of trouble. 

As the author here points out, by using these formulas, one 
can work back by a method of trial and error or successive 
approximations, or you can, using formula (3) and others, work 
out a number of cases and get a set of curves from which then you 
may be able to read off directly the particular value which you 
want. 

I want to speak, however, of another method of doing that 
which we have found more simple and time-saving in the long 
run. And I might say that at the Bureau of Standards I think 
perhaps we have done as much sag computing as anywhere in 
the country, in connection with the sag tables and curves for the 
National Electrical Safety Code. 

In an Institute paper? which I think we may eall one of the 
classics on this subject, Perey H. Thomas showed how, in plotting 
a curve between sag and stress, one could represent what we 
might call a generalized condition, by expressing sag as a per- 
centage of span length and applying the loading in unit terms. 
That corresponds to the first formula of the paper and it is 
all right for the simple ease which does not involve con- 
ditions of changing temperature, because it is changing tempera- 
tures that bring in the greatest difficulty. 

A little later, two students, Messrs. Melvin and Wynne at the 
Massachusetts Institute of Technology, with whose thesis work 
I presume Prof. Dwight is not familiar, pointed out how a series 
of curves could be plotted to assist greatly in solving this 
problem. They plotted a whole family of curves which apply to 
different loadings of a given material, and then plotted on the 
same sheet of paper, another set of curves which are the stretch 
curves at different temperatures. The two families of curves 
intersect. (They used the parabolic relation in getting these but 
in the later work we have used the catenary relation in orien 
to have them more accurate.) 

What we call the stretch curve will represent sondern! 
corresponding to some single temperature when the load on the 
wire is varied. 


Now suppose the load is entirely removed from the wire; (and 
in that load I include the weight of the wire itself); we come all 
the way down on the stretch curve to the axis (the limiting 
member of the sag-stress curve being comprised of two axes) 


1. A.I. E. E. Journat, June, 1926, p. 564. 
2. Trans. A. I. E. E. 30, p. 229 (1911). 
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just as though the wire had no weight or load, and could be 
strung without sag or tension. 

Tn using the old Thomas method, one would compute what we 
are now doing graphically; that is, take the load off the wire, 
get the condition of the wire with no load, then assume a change 
in temperature and find the change of the unstressed wire in 
length due to change of temperature. Upon arriving at that 
new length at the new temperature, apply the load again and 
then find the condition of the wire in sag and tension 

The method of using the new charts is this: Pick out the 
point representing the stress,—that is, the tension reduced to 
pounds per square inch,—and the corresponding sag. You find 
what that is for your.loaded condition. 

Now then, if you want to find what the sag would be at some 
different temperature under the stringing condition of load,— 
that is, no load except the weight of the wire itself,—you follow 
the stretch curve to the axis. 

The stretch curves are plotted for definite intervals of tem- 
perature, say, ten degrees. If the coefficient of expansion is a 
constant, it doesn’t matter what the temperature is; one can 
shift the temperature scale to suit. Say you have taken the 
loaded condition at zero degrees and the stringing temperature 
at 60 deg.; you follow the axis for 60 deg. and return on another 
constant-temperature line to the load represented by, say, the 
weight of the conductor only. This point gives the stress and 
the sag for your stringing condition. 

That gives a very rapid method of computing sags without 
any successive approximations and will fit any temperature and 
any loading. The only requirement necessary is that you have 
your chart to begin with. 

If one has a great deal of this to do, it is worth while to com- 
pute the chart and have it on hand. Of course if one has 
only one problem to work out, it is easier to use the formulas. 
The author mentions a paper by Martin presented before the 
Engineers Society of Western Pennsylvania in which he has 
worked out some tables giving the catenary functions. They are 
very useful in a single case; in fact, we have sometimes found 
them preferable even in doing a lot of such work, since working 
over curves like these and attempting to interpolate between the 
drawn curves to obtain accurate results requires very close 
attention and careful work and it becomes very tiresome and 
exhausting if kept up for any length of time. On that score, it is 
easier to do computing, if you ean do it, in a mechanical way with 
computing machines, as it takes a great deal less mental effort 
and less eye work. 

I might say also that we have worked these charts out with the 
principal materials used, such as copper, aluminum and steel. 
In working them out, we used formulas somewhat similar to 
these in the paper, expressing the catenary functions in series. 

H. B. Dwight: Has the work with curves for sag calculations, 
as described, been done for the case of supports at unequal 
heights or for cases of supports at equal heights only? 

Mr. Lloyd: What I said applied to equal heights only. 

H. B. Dwight: Is there any work on the other as yet? 

Mr. Lloyd: No, not towork it out in the same way, except 
that with unequal heights, in considering the curve of the wire 
extended, you have always equivalent cases of equal heights of a 
span of greater length, of which your actual span is merely a 
portion; and you can always work it out in that way. 

E. V. Pannell: The high degree of accuracy being striven 
for in transmission line-caleulations is most noteworthy, but 
the question is whether the mathematicians have not gone a 
long way ahead of those responsible for testing the fundamental 
properties of material? While sag and tension calculations are 
being made to four, five, or even six significant figures, it must 
be admitted that knowledge of the physical properties of the wire 
does not come anywhere near this degree of exactitude. 

The fundamental property in all calculations of wire extension 
is the modulus of elasticity. For copper wire, this is variously 
reported as from 16,000,000 to 18,000,000 lb. per sq. in. Here 
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is evidently a difficulty and a possible error of 121% per cent. In 
the case of aluminum, various investigators have reported a 
modulus of 9,000,000 and 9,500,000 and 10,000,000 lb. per sq. 
in., involving a possibility of error almost as great as for copper. 

The properties of the wire when stranded into cables of various 
lengths of lay and characteristics become still more involved and 
except in the case of certain German laboratories, I know of no 
thorough tests having been made on a scientific basis by which 
attempt could be made to establish these properties. 

It would seem as if the great degree of accuracy possible in a 
mathematical manipulation described by Dr. Dwight and other 
investigators is very nearly useless until the physical constants 
of wire and cable are more soundly established. 

H. B. Dwight: The discussion by Mr. Pannell brings out a 
matter of considerable engineering importance. The physical 
characteristics of stranded cables, such as modulus of elasticity 
and temperature coefficient of expansion, are not known with 
exactness for standard conductors. Accordingly, further tests 
should be made to determine the average values of these con- 
stants and their usual amount of variation. 

It is not necessarily obvious at first sight what is the effect . 
of a certain percentage change in one of the constants, and it 
would appear to be a good engineering procedure to repeat a 
sag calculation using maximum and minimum values of a con- 
stant, so as to find what effect the variation has on the engineer- 
ing decisions which depend on the calculation. If this were 
done for the two constants mentioned above, important changes 
in the results would be obtained. 

In general, one should not write the values of engineering 
quantities with a precision greater by more than one significant 
figure than the precision of the measurements on which the 
quantities depend. Exceptions to this rule, however, are some- 
times justified. For instance, one is justified in assuming the 
length of a span to be exact, as 800.00 feet. The sag calculation 
really deals with small changes in length. If the calculation 
should be repeated for a span of 801.00 feet the difference would 
be minute. If the length of span is considered to change after 
the application of a load, as by- deflection of the towers, this 
should be taken up in a separate calculation. 

When one wishes to compare two methods of calculation, 
one is justified in assuming for that purpose that all the con- 
stants are known with precision. The results are useful for 
the purpose intended. 


Even where a constant is not definitely known, it is good 
engineering practise to adopt a standard value so as to design 
all the spans of a transmission line to have the same factor of 
safety rather than by irregular designing to have one span 
weaker than the others. Thus, a standard value of ice load or 
wind load is adopted even though the probable maximum value 
is uncertain. So also for the sake of uniform design of all the 
spans, it is proper to take a standard or average value of modulus 
of elasticity. The effect of possible variations in this constant 
can be made the subject of a separate investigation, as pre- 
viously mentioned. 

Where average values have been taken for several quantities, 
their deviations will probably cancel out to some extent in their 
effect .on the final result, and so it is justifiable to carry out the 


computations based on the average values, with a moderate 


degree of precision. 


The above mentioned reasons for making precise computa- 
tions do not justify adding more than about one or two signifi- 
cant figures except in the case of the length of the span, or in 
the case of comparing two mathematical methods. In Table I 
of the paper by Dr. G. S. Smith®, the modulus of elasticity is 
given as 29,000,000; that is, to two significant figures. This is 
multiplied by some quantities depending upon the section of the 
cable, and the result is given in section (13) of Table I as 
This is due ap- 


3. Transactions A. I. E. E., 1925, p. 938. 
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parently to the plan of writing the result of all multiplications 
with as many significant figures as a calculating machine will 
give, but when this is done, it does not seem possible to tell what 
figures have use and meaning and what have no meaning. 
Such a procedure masks the precision of the different parts of 
the calculation, and gives the impression that no attention is 
being paid to the relative precision of the calculation. It would 
seem better to give only such figures as are intended to be used. 

The use of charts has a place in the calculation of sags, as 
described by Dr. M. G. Lloyd or as described in a number cf 
A. I. E. E. papers. A chart method may give a sufficient degree 
of precision for a certain class of work, but this should be care- 
fully determined. It should be remembered that a reading taken 
from a curve is correct to a certain number of significant figures, 
and the final result cannot be accurate to a greater degree than 
that determined by the curve reading. In sag calculations, 
especially where temperatures are involved, the discrepancies 
resulting from taking readings on curves may be greater than 
are desirable in designing. 

The discrepancy between the values of deflections obtained in 
my paper and in that of reference (8) is due to the fact that two 
different catenaries have been assumed in the two papers, for 
the case of unequal supports with wind load. While the deflec- 
tions are different, since they are measured to different lines, 
the difference in the stresses obtained by the two calculations is 
not appreciable for practical spans. 


NOTES ON THE VIBRATION OF TRANSMISSION- 
LINE CONDUCTORS! 


(VARNEY) 
Niagara Fauus, N. Y., May 28, 1926 


A. E. Knowlton: The principle of aerodynamics which Mr. 
Varney cites to account for the vibration of the transmission-line 
conductors is undoubtedly the same one which is found applied 
in the propulsion of Dr. Floettner’s rotorship. The one dif- 
ference is that he rotates the rotor and keeps the pressure always 
in one direction. That is not, of course, the case with the line 
conductors. The instability there results in alternation of the 
pressure and consequent vibration of the conductor. 

Another and more important difference is that Dr. Floettner 
has made a useful application of it and one can’t say as much in 
the case of the line conductors. The fact is that we get two 
distinet results; one useful and the other deleterious. 

A committee of operating engineers is attempting to assemble 
the facts that have been observed and perhaps have been recorded 
in connection with this phenomenon, so that we can draw con- 
clusions not merely as to the rigidity of the theory as Mr. Varney 
has set it up, but also upon the efficacy of certain preventive 
measures. 

Theodore Varney: In closing, I think Prof. Knowlton’s 
comment regarding Dr. Floettner’s rotorship is appropriate. 
While Dr. Floettner turns the eddy effect of the wind to good 
account, the same influence accomplishes no good result in a 
transmission line conductor. It is not correct to say, however, 
that this effect is. always deleterious in the latter case because 
cases are on record where vibration has been going for over ten 
years without interference in any respect to the continuous and 
successful operation of the line. 

As the speaker views the matter, destructive effects will 
result from vibration only when the direct stress in the conductor 
increased by the stress due to vibration exceeds the endurance 
limit of the material of the conductor. 

This is a complex problem, but it appears that the stress due to 
vibration is directly proportional to the stored energy in one 
half of each vibrating loop and inversely proportional to the 
distance over which that energy is dissipated. This energy 
is expressed by the mass of the half loop, the square of the 


1. A. I. E. E. JournAL, October 1926, p. 953. 
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amplitude and the square of the frequency of vibration. This 
energy passes back and forth freely between loops in the 
span away from the supports. At the supports there is an 
inevitable bump and increase of stress, which can be greatly 
reduced by care in clamp design. 

The most beneficial remedy is to reduce the amplitude of vi- 
bration by dampers. 


RECTIFIER VOLTAGE CONTROL! 
(PRINCE) 
NiaGara Fauits, New Yorx, May 27, 1926 

R. H. Wheeler: The paper by Mr. Prince is a very in- 
teresting discussion of the potential possibilities of the use of the 
interphase transformer. 

The interphase transformer has been utilized for a long time 
by Brown Boveri & Co., Ltd., and is incorporated in the cireuit 
diagrams which the American Brown Boveri Electric Corpora- 
tion has put forth in some of its proposals. We have not used 
the saturated-core type, however, for it long ago was demon- 
strated by many installations that the close regulation of the 
modern sets was sufficiently close for all traction purposes and 
very few industrial applications require the complications of the 
saturated interphase transformer. 

Extended experience has also proved of late years that the 
compound rotary converter has not taken the position that it 
enjoyed some years ago when over-compounding was thought 
necessary. Wherever compounding is used of late it has been 
entirely of the flat compound type.. To our knowledge, however, 
the shunt rotary converter has had a much greater application 
and appears to satisfy regulation and voltage conditions in all 
usual operations. To meet the flat compound or the over- 
compounded rotary converter, there has been introduced into 
the merecury-are rectifier installation circuits an induction 
regulator which quickly compensates for the drooping charac- 
teristic of the rectifier and permits it to parallel at all loads with 
compound rotary converters. 

There have been a number of schemes utilizing a variable- 
reactance core in the interphase transformer. The d-c., satu- 
rated core described by Mr. Prince has been utilized in a number 
of installations some years ago, but has since been abandoned 
because of a number of factors which limited the degree of com- 
pounding demanded by commercial practise. We have found 
that the rising voltage characteristic is not sought by purchasers 
of such conversion machinery. 

The paper by Mr. Prince points out that the regulation is 
largely a function of the variation in load as it increases and 
decreases. The scheme as offered does not permit an indepen- 
dent voltage control. We have found that there are possibilities of 
utilizing shunt connections which will permit the movement of 
the voltage curves vertically upward or downward, at the same 
time obtaining the benefit of the control Mr. Prince has described. 
The Brown Boveri Review of 1919, Nos. 7, 8 and 9, de- 
scribes such an installation and discusses the possibility of shifting 
the load by voltage control of the rectifier where a rectifier and 
rotary converter are operating in parallel. 

During the extended development of the mereury-arc rectifier 
in large power sizes, as carried on by the Brown Boveri & Co. 
Ltd. of Switzerland, various schemes have been developed and 
patented, which permit of a flexible voltage control. These 
forms of control, however, include complications of circuits 
which demand additional reactance coils and machinery, and are 
not as commercially practicable as the circuits now offered, 
which provide for usual shunt characteristics. There is always 
available the induction regulator, transformer, tap changer, or 
similar device for changing the voltage of the sets. 

The mercury-are rectifier has been installed in heavy electric 
traction service at varying voltages up to 4000 volts, d-c. The 


limit of the phenomena of conversion by the mercury-are rectifier 
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does not seem to have been approached at the highest commercial 
d-c. voltages in operation today. The rectifier is causing a great 
deal of study to be made of its possibilities by engineers interested 
in the electrification of steam railroads, since the weights and 
dimensions are at a minimum not heretofore reached per kilo- 
watt of substation output. No overhead cranes, heavy wall 
construction or heavy machine foundations are required in such 
substations. The operation of putting the machine in service 
or taking it out of service is no more complicated than throwing 
on the bank of transformers which serve the rectifiers, thus 
permitting the substation employee to be easily trained and 
of a type not essentially classed as ‘highly skilled.” I can 
clearly visualize the use of the rectifier being established along the 
right-of-way of a steam railroad at much more frequent intervals 
than the rotating machinery type of substation providing much 
closer d-e. trolley regulation and obtaining alternating current 
from any commercial source of any commercial frequency, thus 
obviating the use of railroad-owned power stations and trans- 
mission systems. 

It is interesting to note the control of the voltage and current 
curves as described in the paper by Mr. Prince. He sets forth 
the current characteristics in a very detailed fashion and we 
think that if it is possible to apply these schemes of voltage con- 
trol to the twelve-phase rectifier, a very satisfactory current 
wave form will result. 

Frequently we have been asked ‘‘What about radio inter- 
ference?’ because of the undulating character of the current 
wave form. Exhaustive tests were made by the largest utility 
company in the middle west, using very sensitive radio receivers 
which were moved about the substation, and placed in all 
positions, to determine the extent of interference with radio 
reception. The results of this test proved definitely that there 
is no interference caused by the wave form emanating from the 
rectifier and through the cireuits it feeds. We believe this test 
is of interest, as the wave form of the theoretical circuit might 
cause an apprehension upon the part of some engineers if the 
practical test had not been made. Furthermore, full apprecia- 
tion had not been given to the fact that the superimposition of 

‘many phases of rectification causes practically a flat wave rather 
than a sharply undulating wave. 

Otto Naef: I think Mr. Wheeler is right when he says that 
in Europe not much use has been found for the interphase trans- 
former with d-c. magnetization. The method proved successful 
from the point of view of voltage regulation, but this asset was 
not considered important enough to set aside the disadvantage 
of higher cost, lower efficiency and power factor in a plant thus 
equipped. Besides, there has been a marked tendency in Europe 
in the last few years to eliminate, so far as possible, any comph- 
cated features. 

I may mention here that instead of using a saturated inter- 
phase transformer, saturated transformers or choke coils in the 
anode circuits may be used with equal success. In addition to, 
or instead of, a series winding, a d-c. shunt winding may be put 
on the core, which, if excited from the d-c. mains, makes it 
possible to raise and lower the characteristic of the rectifier in 
much the same way as in an ordinary shunt-wound, d-c. machine. 

Mr. Prince’s curve shows a very steep rise in the voltage at 
low loads, which is a characteristic feature of the interphase 
transformer. It can be avoided by using a booster transformer 
instead of the interphase transformer. It may be excited from the 
low side of the rectifier transformer through a reactance coil, the in- 
ductanece of which is varied by the application of d-c. magneti- 
zation. In this way it is possible to vary the boost and thereby 
obtain compounding of the d-c. voltage without getting that 
first kick. 

F. A. Fardon: Mr. Prince has removed one of the serious 
disadvantages of mereury-are rectifiers when applied to railway 
service. A considerable proportion of the rectifier applications 
will be additions to systems where revolving apparatus having 
very definite characteristics is already in use. It is hardly 
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conceivable that the characteristics of an existing system would 
be changed to permit the application of rectifiers with naturally 
drooping characteristics. On many occasions, it is necessary to 
install an additional unit in an existing station containing con- 
verters, and a rectifier with drooping characteristics would divide 
loads properly with the existing units at only one point. Beyond 
that, the converter would have a tendency to take too great a 
share of the load and at low loads the rectifier would cause reverse 
current to flow through the converter, which would at least force 
the converter off the bus and possibly cause other difficulties. 
This condition is analogous to attempting to operate a shunt- 
wound and a compound machine on the same bus, which we all 
realize is a very unsatisfactory arrangement. 

It has been proposed that the rectifier be operated with con- 
verters where the regulation of the converter is poorer than that 
of the rectifier. This is a very unusual condition, and I am not 
familiar with any place where this condition exists. 

With the method of compounding suggested by Mr. Prince, 
the interphase transformer may be arranged so that the satu- 
rating winding may be equalized with the series field of the con- 
verter, insuring load division at all points. 

Compounding is desirable from an economic standpoint, as 
none of the features considered desirable in a rectifier are im- 
paired and holding practically flat voltage at the substation is a 
condition which requires a minimum amount of feeder copper. 
This is applicable to approximately 90 per cent of the railway 
substations in this country. 

A rectifier without compounding is comparable to a shunt- 
wound converter having about the same regulation, whereas, 
with the compounding feature, the regulation is practically the 
same as that of a compound-wound converter. Other methods, 
such as tap changing or use of an induction regulator, while 
applicable possibly to an isolated station, are objectionable on 
account of external devices requiring maintenance, and the fact 
that no induction regulator is fast enough to follow load swings 
on the average railway substation. If possible to build a regula- 
tor of this sensitivity, the maintenance would necessarily be high, 
as the unit would be in practically continuous operation. 

The method of regulation offered by Mr. Prince is as simple as 
the series field on a converter. It will find large application and may 
be considered one of the most valuable additions to information 
on rectifier circuits made in recent years. 

E. B. Shand: I more or less agree with Mr. Wheeler that the 
shunt-wound converter is becoming more popular now for trac- 
tion and the value of the over-compounding or flat compounding 
is not as great as it used to be. 

There is one point to be made, however. It will be noticed 
that with the core unsaturated you get the effect of the ordinary 
balance coil and that the anode current flows for one-third of a 
eycle, but that with the balance coil saturated it flows for only 
one-sixth of acyele. That means the transformer will have to be 
about 25 per cent larger; so it will be economically at a 
disadvantage. 

D.C. Prince: In the discussion of this paper, three questions 
have been raised: 1. Can the method be employed to give 
voltage control independent of line-current variations? 2. 
Is excessive transformer secondary heating introduced by the 
operation of compounding? 3. Willits popularity be reduced 
by the trend toward substation layouts which limit the load on 
one substation by dropping its voltage? 

In answer to the first question, I should say that the problem 
of saturating the interphase transformer from a separate source 
is simpler than that of obtaining the correct characteristics by 
self saturation. If the latter problem is solved, the former 
follows automatically. 

As a rectifier is loaded, the current waves in the several secon- 
dary windings spread out so that their utility factors improve. 
In a flat compound rectifier, the tendency of the compounding 
to make the utility factor worse is offset by the normal tendency 
of this factor to improve with load. The light-load utility 
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factors are three-phase 0.68, six-phase 0.55. The six-phase, 
short-circuit, secondary utility factor is 0.75 so that the trans- 
former would not be expected to require materially greater 
secondary copper on account of compounding. Utility factor 
is defined as the ratio of no-load rectified voltage times rectified 
eurrent to alternating sine-wave kv-a. for the same root-mean- 
square heating. 

A very desirable thing about the compound characteristic 
is that by the use of high-reactance transformers it can be taken 
advantage of to hold substantially constant voltage to full load 
and yet with overloads the voltage breaks down more rapidly 


than that of a shunt machine so that the unit will shift its load ° 


to other substations. Since the rectifier cannot fall out of step, 
a generously designed set might be made to stand short circuit 
for a brief period without being tripped free of the lines. 


LIGHTNING AND OTHER EXPERIENCES WITH 132-KV. 
STEEL TOWER TRANSMISSION LINES! 


(SINDEBAND AND SPorRN) 
Niacara Fats, N. Y., May 28, 1926 


F.W.Peek: Messrs. Sindeband and Sporn’s paper gives some 
very good data on practical lines in confirmation of experimental 
and theoretical work which I have been doing on this subject. 

I have been very much interested as to the voltages that 
may occur on transmission lines due to lightning, the nature of 
these voltages and the ability of the insulation to withstand 
them. The spark-over voltage of an insulator is quite differ- 
ent for lightning voltages and 60-cycle voltages. Fortunately 
the lightning spark-over voltage is much higher than the 60- 
cycle, spark-over voltage and is not affected by dirt, rain, water 
or other foreign material on the insulator. About what voltages 
should be expected on a transmission line due to lightning and 
what is the insulator strength? If these factors are known it is 
easy to predict whether or not trouble is likely on any line. 
My investigation made partly in the field and partly in the 
laboratory on models with the lightning generator shows that 
the maximum voltage that can occur on a transmission line 
depends upon the height of the conductor above ground. In 
fact, the lightning voltage above ground on a line is equal to a 
constant times the height of the line in feet. Thus: 

V=¢QH =GH ; 

where 4 is the height of the line in feet, g is the gradient in 
volts per foot at the instant before discharge while a@ depends 
upon the rate of discharge of the cloud and the size of the cloud. 
It approaches unity for a large rapidly discharging cloud. The 
highest value of g is 100,000 volts per foot. The maximum 
voltage that can occur on a conductor insulated above ground 
is thus 100,000 times the height of the line in feet. For theoret- 
ical reasons it is easy to see that that value will apply only in 
case of a direct stroke. Since direct strokes are not a very 
common occurrence, data obtained on actual lines during 
flashover are of greater interest. Values of the apparent gra- 
dient of from 20,000 to 30,000 are quite common, while values 
of 50,000 have been observed. 

The practical lesson that can be drawn from this formula, 
I think, is best illustrated by an example. I shall take height 
above ground and conductor separation approximately equal to 
Mr. Sindeband’s case. Assume 40, 50 and 60 ft. as the average 
height of the conductors above ground. Assume further that the 
storm is about a quarter of a mile away and G is 25,000. The 
voltage on the top conductor is then G H = 1,500,000 volts. 
On the next conductor down it is 1,250,000 volts and on the 
bottom conductor just 1,000,000 volts. If a 10-unit string of 
insulators is used the lightning spark-over voltage is 1,400,000. 

For this particular storm and this particular insulator and 
tower the top insulator would spark over, while the middle and 
bottom ones would not. With a more severe storm the top and 
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middle would spark over. At G = 35,000 all three insulators 


would spark over. 

In confirmation, Mr. Sindeband’s data show that most 
trouble occurs on the top conductor; next on the top and middle 
and finally on all three. 

Incidentally, such data offer a method of measuring these 
voltages. If the top insulator sparks over and not the other 
two the voltage is known within the difference between 60 
and 50 or about 20 per cent. From the voltage and height of 
conductor the gradient is known. If the top and middle insu- 
lators spark over, a similar measurement is made. 

From the standpoint of lightning alone it is undesirable to 
have a high tower. 

If the above conductors were placed in a horizontal plane 
40 ft. high, the voltage above ground for this particular storm 
would be 1,000,000. There would be no potential difference 
between conductors as in the case of the vertical arrangement. 
For the storm in question there would be no spark-overs. 

How about the ground wire? Theoretically and also from 
studies made on models in the laboratory a single ground wire 
approximately cuts the lightning voltages in half if it is in- 
stalled under favorable conditions. If it is assumed that the 
above factor holds in practise it is equivalent, as far as lightning 
is concerned, to doubling the insulation of the line, but with 
one very decided advantage. Doubling the line insulation 
doubles the voltage on the apparatus while the ground wire cuts 
it in half. If it functions properly, there is thus a double gain 
in using the ground wire. 

Whether or not there is trouble on a line from lightning 
is a matter of the height of the tower and the insulation and 
is entirely independent of the line voltage except as it governs 
the number of insulators and the height of the tower. Since 
high-voltage lines are better insulated, less trouble should be 
expected. 

I wish to say a few words on Mr. Sindeband’s work and 
experience. Arc-overs have been experienced first principally 
on the top insulator, then on the top and middle, and next on 
all three. Instead of putting a great many more insulator 
units on the line, Mr. Sindeband has installed ground wires 
hoping that the ground wires will materially reduce the voltages 
and thus reduce the trouble. In addition, he has added the 
device at the end of the insulator string, shown in Fig. 18. This 
device is known as a grading ring or shield and was first developed 
for 220,000-volt lines in California. Its object is, primarily, to 
make the voltage distribute evenly over the string and make 
each insulator take its share of the voltage. In this part of the 
country, where there are heavy lightning voltages, it causes them 
to divide evenly over the string and makes each insulator take 
its share of the voltage. However, another very important 
function of a device of this kind is in ease of an arc-over. It 
seems impracticable to make most low and moderate voltage lines 
absolutely lightning-proof, though it can be done if the cost is 
justified by making the tower low, using a number of ground 
wires and extra insulators. It is very important, therefore, 
to have some device that will cause the arc to clear the string 
and prevent burning and cracking of the insulators until the 
are is suppressed by sectionalizing or otherwise. A horn gap 
might be used for this purpose. Studies we have made with 
the horn, however, show that it is very difficult to make it 
effective. The reason is quite obvious. It is this: With the 
horn there is no appreciable grading; about 25 to 30 per cent 
of the voltage is on the line unit. The sudden application 
of a lightning voltage causes the bottom unit to are over, then 
the next and so on up the string. A complete cascade results. 
Even though a horn is adjusted at 60 cycles to clear very well 
it does not clear when the are is started by lightning unless 
the separation is greatly redueed. We have not found this to 
be the case with the ring; it causes an even distribution at 
the start and there is no tendency for the initial are to cascade. 
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It clears the string and the 60-cycle are follows the path of 
the lightning are. If the relays operate quickly there is no 
damage to the insulators. 

There have been very few actual operating data on the 
value of the ground wire. However, recent work indicates 
that the ground wire functions as the laboratory experience 
and the theoretical work shows. You will observe in Messrs. 
Sindeband and Sporn’s study, as would be expected, that most 
trouble occurred on the top conductor. In a similar tower 
equipped with a ground wire there would be practically the same 
voltage on all conductors. Data on a line with a ground wire 
should, therefore, show a more even distribution of trouble. 
That is exactly what hasbeen found. 

L. E. Imlay: We have one important tower line supporting 
Six circuits on which we have five grounded guard wires. We 
have had no lightning disturbances on this line except in two 
instances when the lightning came in from connecting lines 
having two ground wires. From our experience we believe that 
five grounded wires on the top of these towers give practically 
complete protection. 

L. C. Nicholson: The Niagara, Lockport & Ontario Power 
Company operates a system of some 2000 circuit miles, mostly 
at 60,000 volts with some 110,000-volt circuits. The practise 
of the company is to use ground wires. We have had experience 
both with and without ground wires. Our experience without 
them was very undesirable. 

The construction that has gone up in the last ten years is of 
the A-frame suspension-structure type with square dead-end 
towers using two ground wires, the ground wires being used 
not only for electrical purposes but also, for mechanical reasons, 
to support the A-frame structures.. The ground wires used are 
substantial in size and well grounded and have given little if any 
trouble. 

While we can’t say that flashover from lightning on lines 
equipped with ground wires is nil, yet it doesn’t amount to a 
great deal. JI think it would average, in rough figures, one 
flashover per summer per hundred miles on a double-cireuit 
line. From five to seven insulator units are used on 66,000- 
volt lines. The 110,000-volt system is not very extensive and 
has not been in service very long so I am unable to give any 
conclusive figures on that. 

The burning of conductors sufficiently to cause them to drop 
is almost unknown. I attribute this to thefact that the are 
does not remain in one position long enough to burn the conductor 
in two or seriously damage it. I believe there have been occa- 
sions when small conductors dropped within a time period after 
the occurance, but the matter of burning of conductors is not a 
serious one. 

Insulators do not puncture. This is another great measure 
of progress which has been made in the last 10 or 15 years. 
When we first started operating that was our main trouble. 
They now occasionally flashover, but are seldom destroyed or 
disabled. 

E. S. Healy: There is one important phase of flashover 
trouble that should not be lost sight of. Under all reasonably 
possible wind conditions, adequate clearance must be maintained 
on every tower in a transmission line. 


In rolling country, it is very easy to encounter special con- 
ditions that give short clearances. Any special construction 
requires a careful study. 


Of course, any difficulties caused by insufficient clearance must 
be eliminated before a study of lightning effect can be made. 
In the two eases of flashover troubles that I have been entirely 
familiar with, inadequate clearance was at least a contributory 
cause. One of these was a tree which had probably caused oc- 
casional trouble for nearly two years before it was discovered. 
Aluminum and small copper conductors will blow out and carry 
the insulator into seemingly impossible positions. 

S. S. Hertz: An entirely new engincering contribution in 
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Institute papers has been made by the authors, and that is the 
analysis and publication of their mechanical experiences with 
overhead ground wires. Their contribution of field experience 
in its electrical aspect is also especially valuable, adding to the 
fund of data in several previous Institute papers on the electrical 
aspects of the overhead ground wire, such as those contributed by 
Dr. Steinmetz, Mr. Peek, Mr. Creighton and others. At the 
Midwinter Convention of 1922, Dr. Steinmetz strongly empha- 
sized the electrical protective value of the overhead ground wire 
for certain types of lines, giving his preference to the overhead 
eround wire over the lightning arrester, principally because 
the advantage of the ground wire is that its function is preventive 
while that of the lightning arrester is merely curative. 

Mechanically, the overhead ground wire has gradually under- 
gone an evolution which is of value to note here. Starting 
years ago with barbed-wire and almost no standards of construc- 
tion, the overhead ground wires have been gradually improved 
until today it is generally agreed that the overhead ground wire 
circuit should enjoy the benefits of the same standards of con- 
struction as are used in designing the power conductors. That 
is exactly what the authors have done in the lines described. 
Operating difficulties and troubles from mechanical failures of 
overhead ground wires which, on few properties, have prejudiced 
the use of any overhead ground wire, can be fully solved by im- 
proving construction standards. The overhead ground wire, 
if used at all, should rigidly adhere to at least the same standards 
of material and construction as used in designing the power 
conductors with which they are to be placed. 

The following improvements in construction standards are- 
the ones which appear most needed to bring the trend of overhead 
eround wire design to par with the general design of power con- 
ductors. These standards have been employed on several of 
the recently constructed transmission lines: 

a. Use of suspension clamps and strain clamps for the ground 
wire of the same general design as used for the power conductors. 

b. Placing slightly less sag in the ground wire than in the 
power conductors (in sleet districts). This is advisable to 
provide ample separation when the ground wire is carrying sleet 
while the power conductors have shed their sleet load. 

ce. Use of non-rusting wires, so that the natural life of the 
ground wire will be at least that of the power conductors. 

d. Assigning a slightly greater factor of safety to the ground 
wire than is given to the power conductors. For example, 
where the power conductors are, designed with a safety factor 
of 2, it may be advisable to have a factor of safety of about 2,25 
in the ground wire. In emergencies affecting the supporting 
structures, the ground wire would have to bear the greater part 
of the strain and in any occurrence of trouble it is good practise 
to have the ground wire safer than the power conductors. 

H. B. Vincent: I'd like to ask Mr. Sindeband two ques- 
tions: Has he determined the most efficient setting of the 
arcing ring with respect to the wet flashover of the string? In 
other words, what percentage of the wet flashover of the insu- 
lators is the wet flashover of the arcing ring? If so, at what 
ohmage water is the wet string figured? 

Has he any record of troubles which actually occurred during 
rain storms? 

Is the flashover shown in Fig. 18 a wet or a dry flashover? 


N. J. Neall: Something that has been said in the discussion 
prompts me to mention a feature of lightning-arrester perform- 
ance that has been observed during the last year in connection 
with some comparative tests of lightning arresters on an 11,000- 
volt system where a number of circuits are carried in a parallel 
horizontal plane arrangement to a given substation over an 
H-frame construction. It was found that the arresters attached 
to the upper transmission wires, particularly those just under 
the overhead ground wires, were the principal ones to discharge 
and the inference, pending further information, is that we have 
a sort of succession of protective zones beginning with the over- 
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head ground wire and then downward from conductor plane to 
conduetor plane. 

A. O. Austin: With the rapid changes in transmission work, 
there is a tendency to make an installation which is copied in 
many instances before operating records are available which will 
show up difficulties or advisable improvements or modifications. 
Hundreds and even thousands of miles are put in before any real 
operating experience can be obtained. This time lag is un- 
fortunate and leads to a serious situation because line trouble 
of any description affects not only the operation and subsequent 
expenditures but financing as well. 

In 1916 I presented a paper before the Toronto Branch 
calling attention to the dangers which were likely to occur with 
an inerease in the size of the system, unless the factors of safety 
were materially improved. The discussion today brings this 
out clearly, hence the extended interconnection of large networks 
should be given careful attention as the increased trouble fre- 
quently more than offsets any economic advantage. The split- 
ting up of systems, during storm periods or where the margin of 
safety is rather small or the circuit breakers likely to blow up, 
should also have more attention. A short circuit on the line 
today is far more serious than it was a few years ago owing to the 
fact that conductors are generally larger and the amount of 
current fed into a short circuit will create far more damage, not 
only to the line but to the possible connected apparatus. The 
time of clearing a short circuit also tends to increase with the 
size of the system in order to obtain selective relay operation. 

Today plants are penalized for poor power factor, which 
results in loading the motors more heavily so that a drop in 
voltage frequently allows much apparatus to drop out of step. 
This causes heavy losses in some plants and inconvenience in 
all, warranting considerable expense where even momentary 
drops in voltage or bumps on the system can be eliminated. 

In addition to the increase in number and seriousness of 
transmission interruptions, the cost of transmission lines is 
becoming more of a factor in the total cost of power. Additional 
parallel circuits are required to offset interruptions where lines 
are subject to flashover. The additional cost must be incurred 
whether or not the line can be cleared with a relay and circuit 
breaker. On some of the large systems considerable time is 
required following what would normally be considered a momen- 
tary interruption on a small system, before the line can be put 
back into service. There can be little question but that the 
success of future transmission systems demands that flashovers 
be eliminated as any other method is too costly and uncertain 
of results. 

The whole subject needs the most careful consideration. 
If we apply common sense and carry the analysis far enough it 
will be found that there is general agreement as to the funda- 
mentals necessary for the construction and operation of a trans- 
mission system. Above all we should not expect results which 
are not justified either partially or wholly by consideration of 
fundamentals. 

The ground wire is a good example in point. A_ poorly 
installed ground wire may cause much mechanieal trouble and 
while it may be of some benefit in reducing induced voltage or 
in absorbing a surge, the trouble which it causes may more 
than offset any advantage. Where the ground wire is installed 
on a wood pole it may so reduce the insulation that flashovers 
will result even though the maximum voltage may be reduced. 
While the shattering or burning of poles may be prevented, the 
increase in bird troubles and the elimination of the insulation 
furnished by the wood may more than offset any advantage in the 
use of a ground wire in this case. 

Where a ground wire is installed on a steel structure the 
situation is somewhat different since there is no insulation 
in the structure to cut out. If the ground wire has good me- 
chanical reliability it will, of course, reduce the maximum voltage 
tending to flash the line and, in general, conditions will be 
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improved. There are some cases where the ground resistance 
is exceedingly high and if this resistance is materially reduced 
by the use of a ground wire, short circuits from lightning and 
birds will be increased. 

An analysis of the field conditions, as well as tests in the 
laboratory, shows that a very great improvement may be ex- 
pected from the complete impregnation of poles which will elimi- 
nate a low-resistance core. This low-resistance core tends to 
cause the pole to be shattered under lightning. This shattering 
can be eliminated only by increasing its resistance or by pro- 
viding a shunt path. The former may prove most economical for 
new lines whereas the latter may be necessary for lines already 
installed. A down lead or lightning rod on the side, while saving 
the pole, tends to eliminate the insulation unless the ground re- 
sistance is high. In some eases the use of a gap in this circuit 
may be used to advantage in increasing the effective insulation 
for a surge or to prevent bird or squirrel trouble. 

In the construction of a new system better operating con- 
ditions will be obtained if the cost of a good ground wire is 
used to provide more insulation and tower clearance or a more 
favorable electrostatic field around the conductor or live parts in 
the vicinity of the tower. 

The old method of using a compass in tower design to deter- 
mine clearance should be: abandoned, as two towers having 
the same clearance may set up widely different electrostatic- 
field conditions so that one tower may have many flashovers 
while another tower having the same clearance may have few, 
if any, under the same conditions. 

The ground wire is an old device and outside of improving its 
mechanical reliability, its application has developed little, if any, 
over a number of years. Practically the only improvement has 
been the limited use of the insulated ground wire which has given 
very good results. 

It would seem that an improved application of the ground wire 
is very necessary and desirable if we wish to improve its effec- 
tiveness, and it is predicted that a great increase in its efficiency 
will be possible in a short time. 

Bird trouble is a serious problem on some systems but it 
may be readily eliminated if wood poles can be kept from shatter- 
ing or burning. This subject is receiving careful attention and 
reports from the field as well as experimental results would in- 
dicate that material improvements are possible in this direction. 
Iam certainly not against the use of aground wire. If, however, 
we find an improved method of using it or increasing its efficiency 
we may do much to reduce trouble and the cost of transmission 
lines. 

The discussion today apparently leans toward the low strue- 
ture. While I do not believe that this is essential where the 
necessary factor of safety is provided to offset the greater voltage 
induced on the line, it has certain advantages. The low struc- 
ture means more supports and more insulators. More supports 
will permit the use of lighter insulators with much longer eco- 
nomic life which more than offsets the increased quantity. 
Where the low structure with its lighter mechanical loads is 
used it is possible to provide towers or structures which will 
set up a more favorable electrostatic field and thereby provide a 
higher flashover voltage between conductor and ground for a 
given length of insulator. 


Owing to the fact that the electrical problems in preventing 
flashover on the transmission line are not so generally under- 
stood as the mechanical problems, there is a tendency to develop 
the mechanical end of the structures at the expense of the 
electrical performance of the line. 


Unless the ground wire is so situated that an effective shielding 
exists, the upper conductor receives the greatest stress. While 
this is generally recognized there are few lines which provide 
more clearance and insulation for this conductor. On the 
contrary, the upper conductor usually has the lowest flashover 
stress for operating conditions. This results in much more 
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trouble than would be the case were the insulation and clearance 
graded in proportion to the stress imposed, whether this be the 
top conductor or the lower conductor. If the location of the 
ground wire reduces the stress on the top conductors so that 
the lower conductors have a higher maximum induced voltage we 
should provide greater insulation and clearance for the lower 
conductors. An are from conductor or live surface to a tower 
member or ground is bound to be destructive if there is any 
appreciable power connected to the system and the successful 
line of the future will be designed to prevent ares to ground 
rather than minimize their damage after they form. 

_ In some eases it is necessary to minimize the destructive effect 
of flashovers, as it may not be possible to eliminate flashovers 
without ineurring a prohibitive cost. The success, however, 
of some rather low-cost lines leads us to believe that a great 
-improvement may be possible through a proper consideration 
of tower design and clearance and a better realization and use of 
the ground wire itself. 

While the ground wire has been improved mechanically, its 
electrical efficiency has not been improved over the earlier 
installations. In some eases I have used a ground wire effec- 
tively to eliminate troubles which were very serious. In others 
trouble has been materially reduced by the removal of the ground 
wire. Hence, its economic importance depends upon the partic- 
ular application. 

More attention must be given to the tower as many of the 
newer and more expensive lines have made a poorer electrical 
showing than some of the earlier and cheaper lines. This is 
natural in a way as building costs have gone up tremendously 
and the tendeney has been to offset the increased cost by build- 
ing towers of smaller clearance or greater mechanical strength 
to handle the larger conductors. Since fixed charges form an 
appreciable part of the cost of power on many systems we 
are likely to use designs which cut the factor of safety, causing 
increased troubles, particularly where there is no precedent 
upon which to draw. There is a tendency to use a relatively 
shorter arm with the increasing size of conductor. This, 
together with the high braces and wide face of the tower in the 
direction of the line, while economical from the tower stand- 
point, makes the problem of preventing flashovers exceedingly 
difficult. Tower clearances in the past have been laid out by 
means of a compass rather than by studying the electrical 
field set up. 

Much time and thought has been given to this subject over a 
period of years and I feel that within the next year a material 
improvement will result in the construction of transmission 
lines as the relative performance of different constructions can 
be determined experimentally to a very large extent and it is 
gratifying to know that results in the field apparently conform 
to tests in the laboratory. 

It is exceedingly difficult to improve the standard of an existing 
system although it is evident that if a system having a low 
standard of operation is connected to another portion having 
a high standard, both of them will operate on the lower standard. 
Usually anything within reason which will raise the standard of 
the old system is justifiable and much time has been spent upon 
this problem. 

It would seem that a new system should go in with ample 
clearance. I should rather see a new line go in with ample 
clearance and no ground wire rather than have the system in- 
stalled with a smaller clearance and an expensive ground wire, 
as the latter can always be installed later whereas increasing 
the clearance after installation is a difficult and costly proceeding. 
Owing to the more severe conditions which may arise through 
interconnection, a ground wire which was unnecessary on the 
smaller system may prove advisable and can be installed at little 
additional expense over that necessary were it incorporated in the 
first installation. 

As systems grow the demand and value of greater reliability 
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increases and if this is hampered by too small a clearance or poor 
field conditions at the tower, the problem of providing greater 
reliability will be exceedingly difficult. While certain funda- 
mentals are recognized clearly in the laboratory, it seems to me 
more difficult to recognize the application of the same funda- 
mentals in preventing flashover on the transmission line. 

On the transmission line the problem is to prevent an electrical 
discharge between the conductor or live part and the tower and 
support. The problem is to prevent the break-down of the air; 
hence, anything which will affect the maximum stress on surfaces 
which will normally discharge will have an effect upon the flash- 
over voltage. It1is obvious that the density of the field surround- 
ing a conductor or a live part may necessarily vary greatly 
for a given clearance with the wide range in tower designs so 
that general statements based upon a specific instance may be 
very misleading. In most lines the discharge starts probably 
from the conductor or live part while in others there is reason 
to believe that the discharge actually starts from the tower or 
ground side owing to the fact that the greater density in the air 
is produced on this side of the gap. Where the latter condition 
exists, increasing the size of the charged surface on the conductor 
will necessarily tend to lower the flashover voltage and increase 
troubles, although in other cases this might be a very material 
advantage. While this is too large a subject to go into detail, 
a consideration of the conditions between electrodes will illus- 
trate the problem fairly well and not only show the inconsisten- 
cies but, what is even more important, a means for increasing the 
flashover voltage for a given clearance. While this is fairly 
simple between ordinary electrodes, the problem is more 


difficult ijn service owing to the effect of rain and mechanical 
considerations. 

Referring to Fig. 1, if we have a grounded electrode, A, and a 
live part, B, with a given distance between them, it is compara- 
tively easy to determine their flashover voltage for conditions 
which are likely to exist on the line. If we maintain the same 
clearance between electrodes but use electrode C in place of B, 
the flashover voltage under the same conditions will be increased, 
particularly if we pay no attention to polarity. If, on the othet 
hand, A remains the same and we replace the electrode C by 
electrode D, the flashover voltage will be reduced and may be 
even lower than that for A and B, owing to the greater concen- 
tration of stress in the air around electrode A. If we replace 
electrode A by electrode # on the ground side in combination 
A-B as in H-B, the flashover voltage may still be the same 
as in the previous ease A-D, but will be lower than for A-B. 
If £ represents the electrode on the ground side, and D on the 
line side, the flashover voltage will be materially increased over 
any of the previous cases. There can be no question about this 
and it only remains to make the application to the transmission 
line in order to improve the flashover voltage materially with the 
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resulting decrease in the number of flashovers. Up to the pres- 
ent time, there has been no line application which corresponds 
to the gap H-D, the applications being more'on the basis of A-C 
which must necessarily have limitations compared to the pos- 
sibilities of the gap H-D. There is one other case which it is 
well to consider, and that is the condition where we have a 
gap similar to F-G. In this case, while the electrodes apparently 

give a better field, their projection into the field or reduction in 
clearance reduces the flashover voltage until it is as low if not 
in some cases lower than the normal gap A-B. When we can 
make use of a dielectric which has a greater strength than air, 
together with some of the favorable conditions above outlined, 
it is possible to raise the flashover even for a given clearance far 
above anything nowinuse. Air gradient and not string gradient 
is the real problem. 

There are three general schemes which may be used to advan- 
tage in connection with steel towers. One is to increase the 
elearance and improve the field conditions as discussed above. 
The second is to lower the maximum induced voltage by the use 
of a ground wire or lower the height of the structure. The 
third is to control the field in the vicinity of the conductor or at 
the upper end of the string so that the maximum flashover may 
be developed for any stress which may exist in operation. This 
is readily solved by the use of a sphere-gap in the laboratory and 
it may be approximated for transmission work. In the case of 
wood supporting structures the problem may be somewhat 
different as most wood structures furnish insulation which will 
provide a higher flashover voltage than exists on the largest 
steel tower line now in operation. The problem in this instance 
then is to make use of this insulation and inerease the life of the 
structure. Complete impregnation apparently reduces the ten- 
dency to shatter and at the same time increases the life. In 
some cases it is further necessary to prevent burning due to leak- 
age or due to discharge and experimental results would indicate 
that great improvement in this direction will be available shortly. 


In the case of the steel tower, the economic problem is to de- 
velop the break-down strength of the. air path and in the case 
of the wood structure to prevent burning or shattering. Much 
time has been spent on this over a period of years and possibilities 
in these directions are far greater and more nearly at hand than 
generally supposed. In many cases it may be advisable to 
effect a compromise of the several means to get the best economic 
results. It goes without saying, however, that improved flash- 
over voltage over existing lines must be provided for the large 
system if high-powered transmission networks are to be extended 
much further. It seems that this problem together with the use 
of a lower transmission frequency are the most important ones 
facing the long high-powered line of the future. 

J. H. Cox: Among engineers there seems to be a tendency 
to question the theory of a phenomenon and to question sub- 
stantiating laboratory data until the case is proved by actual ex- 
perience in the field. The theory of the ground wire has long 
been known. With typical arrangements, this theory indicates 
that by the use of a ground wire, surge voltages induced by light- 
ning are reduced from about 40 per cent on the top wire to about 
25 per cent on the bottom conductor, with vertical configuration. 
Mr. Peek’s work with his lightning generator indicates a still 
greater protection, or about 50 per cent. 
experiences of Messrs. Sindeband and Sporn should establish 
beyond question the usefulness of the ground wire. 

It seems strange, with theory indicating as it did a large 
measure of protection, that when trouble was encountered due 
to mechanical reasons the obvious solution—that of better 
mechanical installations—was not practised. 


The proper proportion between line insulation and apparatus 
insulation has received too little consideration in the past. 
The authors bring up this point. Obviously it is less serious to 
have a line flashover than a bushing flashover or insulation 
puncture. During the past two years the Westinghouse Com- 
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pany together with the operating companies, has conducted 
surge investigations with the klydonograph on a great many 
power systems. During these investigations, we have conducted 
tests on 66-kv. lines having line insulation ranging from pin 
type, or three 10-in. disks to ten 10-in. disks. In spite of the 
ground wire, we shall always encounter a certain number of 
flashovers due to direct strokes and the highest induced strokes. 
More attention should be given this matter so that apparatus 
is not subjected to these higher potentials by over-insulating 
the line. On the other hand too low a value of insulation 
permits an excessive number of flashovers at a voltage lower than 
necessary and too low to permit the operation of lightning. 
arresters. 

There is a point in this question which though evident might 
bear mentioning. The proportional protection from flashovers 
afforded by a ground wire is far greater than that indicated by 
the reduction in surge voltages. If the number of surges between 
various voltages over a long period are plotted against voltage 
and a curve drawn through the points a curve is obtained re- 
semnbling a probability curve as shown in Fig. 2. 

If the full line represents the number of surges of various 
voltages on a particular line without a ground wire, a curve of 
the surges encountered on the same line with a ground wire 
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would be displaced by the amount of the reduction accomplished 
by the ground wire, giving the dotted line. A vertical line may 


‘be drawn at the impluse-flashover voltage of the line in question. 


The flashovers of the line are caused only by the surges lying 
to the right of this vertical line. It is clearly seen that the 
flashover region under the dotted line is less than the flashover 
region under the full line by more than the percentage reduction. 

Our tests with the klydonograph cheeks the authors’ experience 
in that the highest potentials from lightning were always on the 
highest conductor and the lowest on the bottom conductor. 


There were two points brought out in the discussion towards 
which I might be able to contribute. The question was asked 
as to whether flashovers were encountered at some distance 
from the lightning stroke, indicating a higher potential at some 
distance from the source. In our experience with the klydono- 
graph, we have never encountered this situation except in the 
case of a flashover on an isolated-neutral system. We have 
encountered surges of the order of one million volts and at a 
distance of 50 mi. no potential greater than normal line potential 
was recorded. Where the lightning caused a flashover on an. 
isolated-neutral line an over-voltage would be recorded at all 
stations no matter how long the line. This, however, was due 
to the acting ground set up by the flashover. 


Another question brought up was whether or not the upper 
conductors afforded protection to the conductors beneath them. 
From the theory of the ground wire this is not possible except 
where the upper conductors flashover. The only protection 
afforded by the ground wire is due to the fact that its charge 
dissipates to ground with the discharge of the cloud and the 
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presence of a conductor remaining at ground potential reduces the 
potential induced on the neighboring conductors. The only 
way in which the upper conductors could shield the lower con- 
ductors is by discharging their charge to ground either by means 
of the flashover or by lightning arresters. 

V. Karapetoff: In considering the influence of the ground 
wire, it is necessary to distinguish between its effect in reducing 
the over-voltage and the over-charge. These two effects are 
expressed numerically by different ratios. Consider the simplest 
case of a single conductor without any ground wire, with a cloud 
above charged positively. Then you have a negative bound 
charge on the wire, with the positive charge conducted to the 
ground through leakage. When a lightning flash takes place, 
the bound charge becomes free, so that the protective equipment 
is subjected, first of all, to an over-voltage, and secondly, there 
is a definite bound charge which has to be conducted to the 
ground, say, through a lightning arrestor. 

Now consider a ground wire near the conductor. Certain 
equations may be established for the bound charge, etc. <A 
solution of these equations gives the over-potential to which the 
line wire is subjected immediately after the stroke of lightning, 
and also the value of the charge released on this wire as a result 
of this stroke. The new values of over-voltage and of released 
charge may be compared with those obtained before, without 
the ground wire. 


As a result of some computations which I have had an oppor- 
tunity of performing lately, I find the ratio of the two over- 
voltages to be somewhat different from that of the two charges. 
Depending upon what you are interested in, that is, whether it 
is the maximum instantaneous over-voltage or the discharge 
capacity of the protective equipment (which is bound with the 
magnitude of the charge and not of the voltage), your judgment 
about the protective value of the ground wire will be different. 
My computations, unfortunately, have been made only for this 
simple combination. It would be desirable to continue these 
computations so as to include, say, three or six line conductors 
and a ground wire. ; 

Herman Halperin: In my work as chairman of the A. I. 
E. E. Subeommittee on Lightning Arresters during the past 
year, it appeared that the members of the subcommittee and 
other engineers had many opinions as to the means of coping 
with lightning disturbances on high-voltage lines, especially 
those operating between 66 ky. and 154 kv.; but there were little 
definite data of operating experience, which is the final criterion, 
to show just what was accomplished by certain types of protec- 
tion or methods of diminishing the magnitude of lightning 
voltages. The subcommittee members felt that more operating 
companies should gather complete data regarding the lightning 
on their lines, analyze the data, and submit papers along the 
lines of the one submitted by the authors today. Their paper 
is especially timely, as it concerns a voltage on which there is 
considerable discussion. I am sure that the industry will look 
forward to another paper in two years to compare the coming 
two years’ experience of the authors with ground wires with the 
last two years, when ground wires were not used on certain lines. 


In the future investigations of the authors, it might be well 
to obtain some data as to the magnitude of transient voltages 
on their lines, by means of a recording device such as the klydono- 
graph. .These data, when correlated with the operating experi- 
ences, will give a more definite idea of the effectiveness of the 
various designs in coping with lightning on their lines. 


'M. L. Sindeband: Mr. Cox mentioned the problem of 
insulation. In this paper, we mentioned the matter of over- 
insulating the transmission line and the bad effect this would 
have on the equipment in the substations resulting, as it would, 
in pushing the high voltage from the line into the stations. Of 
course, the ground wire would leave the transmission-line insula- 
tion unchanged but by cutting down the induced voltage it would 
have a particularly beneficial effect on the substation equipment 
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since, as a general rule, the oil switches and transformers are not 
insulated as highly as the transmission line. 

When we first started this problem and considered the idea of 
adding more insulators, the manufacturers of equipment objected 
since they argued that if the insulation of the line is going to be 
boosted, the insulation of the equipment should be boosted at 
the same time and they were afraid that this would lead to large 
expense. If that were dorie,—that is, if the line insulation were 
raised,—it does not necessarily mean that the equipment in- 
sulation has to be raised likewise since the station and substation 
equipment has, as a general rule, the benefit of a lightning 
arrester but the moment you go into that you enter into another 
controversy—namely, the lightning arrester—and there is almost 
as much disagreement about that as there is about the ground 
wire. 

Mr. Vincent asked what particular feature of the rings gov- 
erned their design. We experimented with the design of the 
rings only in so far as the clearing of lightning flashovers and 
60-cycle flashovers were concerned. The wet proposition was 
not considered at all. 

Now as to the table listing the troubles: On our original table 
sent in to the Institute we had some marks indicating which 
were under rain conditions and which under purely lightning 
conditions. Unfortunately, they were left out in printing. 
However, as we recall it, practically all of these troubles occured 
during rain periods, that is, they were a combination of rain and 
lightning. 

Fig. 18 is a 60-cycle dry flashover test. 

In conclusion, I wish to state that I believe that the operating 
companies should contribute their bit in helping the manufactur- 
ers of equipment with this problem, because certainly the manu- 
facturing companies do spend a great deal of time and money 
for this purpose. 


AUTOMATIC AND SUPERVISORY CONTROL OF 
HYDROELECTRIC STATIONS 
(SMITH) 
Niagara Fauus, N. Y., May 28, 1926 

W.H. Gerrie: It may be of interest to relate some operating 
experiences in connection with two such plants as Mr. Smith has 
described. The plants I refer to are on the Central Ontario 
System of the Hydro-Electrie Power Commission and consist of 
three generators per plant, the capacity of the units in the one 
being 2000 kv-a. and in the other 1400 kv-a. Excitation is 
supplied by direet-connected exciters and control by one regulator 
of the vibrating type in each plant. The plants are located on a 
navigable stream, the levels of which are required to be main- 
tained within very close limits. Both plants are controlled 
from one point and the operator in charge has to operate in 
addition the plant where he is located, which has a capacity of 
9000 kv-a. 

The following satisfactory points have been observed up to 
the present: 

(1) The reliability of the sequence relays. 

(2) The saving in time of bringing on generators by the 
self-synehronizing method. 

(8) The apparent reliability of the supervisory equipment. 

In connection with the second point it is interesting to note that 
we are obtaining satisfactory results with the self-synchronizing 
method on generators that are not equipped with damper wind- 
ings, but which have solid field poles. This is in part contra- 
dictory to the statement contained in Mr. Smith’s paper. 

Our experience so far has shown that we have had more 
troubles due tq dirty contacts and sticking supervisory relays 
than we have had with the sequence relays. While their opera- 
tion has given a fair degree of satisfaction, the troubles we have 
experienced point to the necessity of having a specially trained 
man available to analyze and eliminate these troubles with the 
least possible delay. 
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Some of the points on which we are rather skeptical at present 
are as follows: 

(1) The economy of this system of control where less than 
four plants are so operated in the same territory. 

(2) Whether the governors will perform satisfactorily enough 
to insure reliable operation after they have been in service for 
several years. 

(3) Whether the method of controlling excitation by one 
regulator should be encouraged where several direct-connected 
exciters in the one plant are used. 

(4) The proper method of obtaining battery-charging supply. 

(5) Whether the remote meters as they at present exist are 
sufficiently reliable for satisfactory operation and for system 
operating records. 

Elaborating on these, I might say that it is desirable to have 
an attendant available at each plant for ordinary cleaning who 
can be called out in cases of emergency. Also it is desirable to 
have a specially trained man for ordinary inspection who, in case 
of trouble on the supervisory or sequence relays, can locate and 
remove the trouble with the least possible delay. Under normal 
conditions this man should be able to handle four or five plants. 
Where only one or two plants are in service, the cost of his time 
together with the carrying charges on the additional capital 
cost of the plants does not leave sufficient margin to say definitely 
that the remote-control plant is justifiable. The same is true 
of the governors. These devices should have expert inspection 
and adjustment and this is not always available on small systems. 

We have had considerable difficulty in obtaining balanced 
reactive loads with balanced kw. loads between generators in the 
one plant. This may become serious enough when operating at 
full kw. load to introduce excessive heating, causing the generator 
to be tripped off by thermal protection when it can least be 
spared. This trouble is directly attributable to the regulator 
operating under the above mentioned condition. 

We have in use at these plants two systems for obtaining 
battery-charging supply, viz: (1) from the exciter system, and 
(2) from rectifiers. The first is impractical in that it cannot 
follow the ordinary system voltage variations between day and 
night conditions and between week-day and week-end conditions. 
The latter difficulty is particularly aggravated where a holiday 
follows a week-end. Also there is considerable inconvenience 
from blowing fuses on high excitation which, when it occurs, 
causes the battery to go on discharge. The rectifier has not as 
yet proved that it is reliable. It would. appear that the most 
satisfactory results should be obtained from the motor-generator 
charger. 

Two methods of remote metering in use are (1) current method 
and (2) impulse (condenser) method. While the latter method 
has given fair results, it is not without certain inherent defects 
the most serious of which is that variable control voltage will 
change the calibration. The time lag to the meter also is not 
a desirable feature when adjusting load on the plant. Extreme 
warm weather also affects the viscosity of the damping fluid to 
such an extent as to give an entirely different chart, although the 
actual frequency regulation may be the same. Also some of the 
condensers have become defective. Indications so far point to 
the current method as being the most satisfactory that we have 
experienced. 

The operating company must thoroughly appreciate the manu- 
facturer’s difficulties in development in a new art such as this 
and be willing to cooperate in supplying operating data so that 
faulty applications may be weeded out. The manufacturer 
on the other hand must fully appreciate his responsibility in 
the development of a new art and wrong applications must 
not be permitted to get out into the field. : 

Another point that should be emphasized is the necessity for 
competent centralized supervision of such installations. The 
whole work should be under the supervision of a competent field 
engineer who is able to correlate all sections of the work. 
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It is also very important that manufacturers make a thorough 
analysis of system operating conditions before proceeding with 
any installation and the operating companies should lend all 
assistance possible in supplying the necessary operating data. 

In Mr. Smith’s paper I note that in section (G) he refers to 
shutting a unit down when the voltage drops to 80 per cent of 
normal for several seconds. In actual practise this works out 
as unnecessary protection and we may find the system dropping 


’ Joad on ordinary system surges. 


Reference is also made to the use of annunciators for bringing 
to the attention of the attendant troubles of a serious nature. 
It cannot be emphasized too strongly that these annunciators 
should be very reliable. Also it has been my experience that the 
tendency is to have an insufficient supply of them. 

Mr. Smith says that the multiple-unit station gives rise to no 
particular problem. I would like to draw attention, however, 
to the complications of such a system. It seems to me that the 
division of excitation is a real problem. Mr. Smith refers to 
one installation for the New England Power Company using 
direct-connected exciters and separate regulators. A description 
of the method of voltage control, in the light of the difficulties 
that I have already mentioned in using the one regulator, would 
be of interest. 

Mr. Smith refers to the fact that in general the direct-con- 
nected exciter is by far the more desirable for automatic control. 
It might be of interest if Mr. Smith would elaborate on the 
various reasons for this statement. Alsoin applying this system 
of control to old stations which generally have the motor driven 
and turbine driven exciter, it might be of interest to know 
whether any problems of a particular nature would be introduced. 
It seems to me that the question of excitation unbalance between 
generators referred to above would be entirely eliminated with 
the one exciter, but it may be that other complications are 
introduced which make the direct-connected exciter preferable 
for automatic stations. 

C. F. Publow: I would appreciate having Mr. Smith give 
details regarding the following functions which he notes auto- 
matic equipment is generally arranged for. 

(1) Item “D”: Protection against motoring the generator. 
We have found that owing to the changes in system frequency 
between the time a unit is shut down and started again, although 
of a very small order as will be shown later, yet when a unit is 
brought on it occasionally closes its gate tight and motors on 
the line until such time as the operator discovers the situation 
and corrects it. This in many instances would take upwards of 
at least a minute and I am interested in knowing what form of 
protection has been found suitable for such cases, as I believe 
this performance will be common to any system and more espe- 
cially to some of the ones Mr. Smith refers to where the frequency 
varies upwards of five per cent. 

(2) Item “F”’: Charging the battery. I would be interested 
to have Mr. Smith state definitely what method of battery 
charging he refers to. We have two methods (from rectifiers and 
from exciters where vibrating type regulators are used) neither 
of which has proved satisfactory. 

IT note Mr. Smith refers to using the exciter voltage for operat- 
ing a speed device for placing a unit in service at approximately 
synchronous speed. How closely can this method be depended 
on to repeat itself? It would appear to have the disadvantage 
of having no protection for high exciter voltage, which would 
occur on overspeeds. 

I was particularly interested in Mr. Smith’s description of 
the connections used in mounting the protective equipment for 
the supervisory connections between stations, and I would appre- 
ciate a statement as to the functions of the various.parts of this 
protection. 


I would appreciate getting an expression of opinion on the 
following: 


(1) The desirability of grounding the positive terminal of the 
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battery which supplies power to the automatic telephone type 
of supervisory equipment. 

(2) The use of oil dash pots for controlling the governor during 
the initial starting period. This type of control has the dis- 
advantage of (a) permitting “creeping” and (b) variations in 
its performance due to temperature changes. 

In this connection I would like to ask if a motor connected to 
the governor stop control lever has ever been used. It appears 
to me that this device could readily be adapted for this work and 
overcome the two disadvantages noted above in an oil dash-pot 
control. 

(3) The most desirable source of energy for the motor-driven 
governor fly-ball. Use has been made of potential transformers 
on the two stations on the Commission’s system, but this supply 
is of no use in event of a machine pulling out of step. Slip rings 
connected to the exciter and mounted above the commutator 
would seem an ideal source of power supply for this important 
service if it can be obtained at a nominal cost. 

(4) What would be considered a satisfactory value in ohms of 
a station ground in an average hydroelectric station, where 
remote supervisory installations are applicable. 

Remote supervisory control to be successful is dependent on: 

1. Rehable control cireuits connecting the control and remote 
stations. These should remain intact except in cases of direct 
lightning strokes or where a high-voltage line falls on them and in 
such instances the protective equipment should function to limit 
the damage done to the point where the fault occurred. 

2. A signal once started by the operator at the control point 
or automatically by the equipment at the remote station must 
repeat itself until the ‘“‘answer back’’ or equivalent is received 
which de-energizes the repeating circuit; 7. e., indications must be 
correct, or by repetition warn the operator that trouble exists, 
and the design of the equipment should incorporate the feature 
that the equipment at the two ends will re-synchronize before 
repeating the code. 

3. The equipment in its design must incorporate No. 2 
above and be mechanically rugged enough to perform the service 
required of it with a minimum of maintenance. 

4. Means should be provided which will permit canceling a 
supervisory signal where one has been put through and the auto- 
matic sequence has failed to complete its function at the remote 
stations. Under such circumstances the operator may be help- 
less and considerable damage may result before an attendant 
can be rushed to the remote station. This feature seems desir- 
able in addition to the automatic sequence scheme being arranged 
to permit only one start, in event of trouble, unless the super- 
visory signal is repeated. 

5. When there is a considerable number of indications, some 
are much more essential than others and it may be desirable to 
have incorporated in the supervisory scheme, means of giving 
these more essential signals precedence over the other. In all 
eases I believe it would be advisable to give order signals from the 
control station precedence over signals originating from the 
remote stations. 

6. A high degree of maintenance care. This should be 
generally in one individual’s charge who is fully familiar with the 
circuits and the operation of the equipment. 

Automatic switching equipment can be made thoroughly 
reliable by adhering to the following points: 

1. That the sequence scheme is well adapted for the work it 
must perform. | 

2. That suitable relays and corresponding equipment have 
been chosen which will always perform their function accurately 
whenever required and failing this will make the sequence 
inoperative. 

3. That a proper assembly of this equipment has been carried 
out. This applies to their location and connecting with a view 
to their particular function from a safety standpoint and also with 
ease of maintenance. It would seem desirable that all contactors 
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should be provided with positive wiping contacts which will 
assure good contact even though they are dirty. 

4. That the equipment should be carefully adjusted by 
thoroughly competent men when installed, to perform their 
particular function so accurately that they may be depended on 
to “repeat”’ and that for the first few months this performance be 
carefully checked and an accurate record of it kept. This record 
will serve as a guide to the frequency of inspection required in the 
various parts later on. The speed device is an exceptionally 
important one to which the foregoing comment is particularly 
applicable. 

5. Workmanship of a high order is required on the various 
devices used and in their assembly. 

6. A competent maintenance man should be in charge of the 
equipment. It is essential in maintenance work to be observant 
of equipment the functioning of which will inherently vary with 
weather conditions, and in this connection I believe manufacturers 
should supply data on the performance of their equipment of 
this nature. This will materially assist the operating companies 
in making the needed adjustments and in this way they will be 
warned of the necessity of watching these points carefully. The 
dash-pot control of the governor for controlling the unit during 
the starting period is a good example of this type of device. 

In the installation and initial operation of both supervisory 
and automatic equipment, too much eare cannot be taken in 
accurately checking, point by point, every piece of equipment. 

The following points should be given attention: 

(1) Careful consideration should be given to the mechanical 
work where devices are attached to the generators in order to 
avoid their being damaged during disturbances. 

(2) The brakes should be interlocked mechanically and electri- 
cally so that they cannot be applied with the unit connected to 
the system. 

(3) Trip-free devices should be furnished if this feature is not 
incorporated in the sequence relays. 

(4) The choice of air or oil brakes should be given serious 
consideration. We have oil brakes on all six units and so far it 
has been impossible to make them oil-tight. 

(5) The inherent characteristics of each individual device 
should be thoroughly known in order that under the different 
ordinary conditions which will occur in the actual operation of 
station they will inherently correct for the variations from normal. 


As stated in the foregoing, the supervisory control cireuits 
connecting the control and remote stations must be practically 
invulnerable. These circuits may be affected whenever a 
disturbance occurs on the transmission lines, which they usually 
parallel, and unless special precautions are taken, the control 
circuits will be inoperative just at the time when they are most 
needed, and this from an operating standpoint is a very serious 
condition. For nearly a year and a half, serious troubles have 
been experienced by the Commission, on the control circuits to 
the two supervisory stations mentioned by Mr. Gerrie. By 
exhaustive testing and analysis, the inherent weakness has been 
located and by the installation of protective transformers, now 
being built, the supervisory circuit should be immune from all 
transmission line troubles, except a direct stroke of lightning or 
where a high-voltage line falls on the supervisory control circuit. 


The stations in question are Ranney Falls the control point, 
Dam No. 8 and Dam No. 9. The distance from Ranney Falls 
to Dam No. 9 is approximately 1144 miles, and to Dam 
No. 8 is 3% miles. They are connected by one 44-kv., 
3-phase, 60-cyele line which feeds out of Ranney Falls 
and loops in to Dam No. 9 and Dam No. 8, and thence to 
Sidney Terminal Station some 20 mi. south, a line which forms 
part of a 44-kv. network of some 400 mi. of line and which is 
complicated by several loops. The supervisory connecting wires 
consist of standard paper-insulated, lead-covered telephone 
cable located on the'same right-of-way as the 44-kv. line, but 
on a separate pole line at an average distance of 25 ft. from the 
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high-voltage line, a 20-pair cable between Ranney Fallsand Dam 
No. 9 station and a 10-pair cable between Dam No. 9 and Dam 
No. 8 stations. Twelve conductors are required under the 
existing conditions for the control of each station and 66 different 
operations are performed besides the metering and water-level 
measurements at each station. 

In each of the remote stations there are three generating units 
which with their respective step-up transformer constitute a 
unit. The generators in both stations are vertical, water-wheel 
driven units with direct-connected exciters. The units are of 
1400-kv-a. capacity at Dam No. 9, and 2000-kv-a. capacity at 
Dam No.8. 

It may be of interest to note that the turbines in Dam No. 9 
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are of the propeller type and the generators are equipped with 
damper windings while at Dam No. 8 the water-wheels are of the 
Francis type of runner, and the generators are not equipped with 
damper windings. Self-synchronizing of the units is employed 
injboth stations. This practise at Dam No. 8, from current 
literature, would appear as questionable practise, but results have 
proved it very successful. It should be noted, however, that the 
generators in this station have solid field poles. 
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Induction was first thought to be the trouble, but an analysis 
indicated that the burn-outs were much too severe to be caused 
by it under the existing conditions. It later was discovered 
that on account of the high-voltage neutral being grounded to the 
station ground at the control point, the lead covering of the 
supervisory cable was acting ‘as a ground stabilizing conductor 
whenever faults occurred on the high-voltage transmission system 
with a flow of ground current. By removing the high-voltage 
neutral ground at the control point approximately 1000 ft. from 
the station, trouble of this nature was mitigated except where 
due to a lightning-arrester discharge or an insulator spillover at 
the control or either of the remote stations. The system is 
operating at present under this hazard with operators maintained 
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in both the remote stations. .The protective. transformers 
referred to in the foregoing are designed to make the supervisory 
cable immune from these troubles. ; 

For a period of approximately three months during the past 
winter, the supervisory control was not in operation. When 
again placed in service, very little trouble was experienced, and 
only a few cases of mechanical trouble have occurred in the past 
two months, a performance very creditable to the equipment. 
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Dependence is not yet placed in the control and operators are 
still on duty at the remote stations. 

In attacking the problem of the installation of operation of the 
automatic and supervisory stations, an effort was made by the 
Commission quickly to acquaint its staff of engineers and opera- 
tors who were to be directly responsible for the installation and 
operation of these stations with the details of their connections 
by preparing unit diagrams of correlated devices; 7. ¢., the auto- 
matic connection diagrams as supplied by the manufacturing 
companies were split up. A corresponding drawing of the gov- 
ernor was also prepared. These have been of untold value and still 
form a ready reference. 

Fig. 1 shows a number of graphic meter charts taken during 
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a period of several hours on the morning of September 18th, 
1925, at which time there was a severe electrical storm over the 
entire system. Note how closely the frequency is regulated 
even during such a time. This group of charts forms a very 
interesting study of this system’s operating characteristics. 

Fig. 2 shows a number of oscillographs which form part of the 
test on the performance of these stations. 

I feel that much more successful tests could be obtained now, 
as a decided improvement has been made in the regulator and 
governors and speed control adjustments since the tests referred 
to in the foregoing were conducted and these changes would 
vitally affect the performance of the equipment. The oscillo- 
graphs shown refer only to Dam No. 9 station; those obtained for 
Dam No. 8 station were equally successful, the disturbances of 
course being considerably different due largely to the differences 
in design of both generators and turbines. It may be interesting 
to note that on a number of the oscillographs referred to, as 
many as five quantities are readily readable on a three-element 
oscillograph. For measuring speed on these, a chronograph 
method, similar to that used by Mr. J. A. Johnston but de- 
veloped independently by the hydro engineers, was used with 
success. 

A.G. Darling: The problem of self or automatic synehroniz- 
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ing has been very much discussed. I want merely to cite two 
cases of self synchronizing under very difficult conditions which 
have been successful. 

One case was in a paper company which uses power to drive 
paper machines which require very close speed regulation. This 
particular case involved a 750-kw. steam turbine generator and 
an auxiliary 3000-kw. steam turbine generator. The first was 
non-condensing and was used to supply power directly to the 
paper machines while the second was put on the line when the 
power company did not have sufficient power available to furnish 
power for the balance of the mill. They were operated in 
parallel. 

The operator in charge had great difficulty in bringing in the 
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3000-kw. machine by the usual method of exciting first and then 
synchronizing by a synchroscope without breaking the sheet 
on the paper machine. 

He asked for advice on the point and it was suggested that 
he bring in the 3000-kw. unit by the self-synchronizing method, 
that is to say, put it on the 750-kw. turbine without its field 
being excited. His success after that was uniform. He did not 
have to depend on the operator’s accuracy and his sheet was not 
broken when synchronizing the 3000-kw. machine. 

The second case is of another paper company in the middle 
west which operated two steam-engine-driven paper machines. 
In addition to the paper machines, 200-h. p. synchronous motors 
were directly connected to the engines. 


Initially these two motors were supplied from the power com- 
pany in the vicinity without a great deal of success because the 
speed regulation of the power company system was too wide to 
permit paper being made consistently for 24 hrs. The paper 
company owned a hydroelectric development nearby and in- 
stalled there three 2500-kw. units. One unit wason the line all day 
long and the other two units came on and went off as the water 
level increased and decreased during the day, so that there were 
two operations of synchronizing and two of coming off the line 
during every 24 hrs. These machines were put in parallel with 
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the 200-h. p. synchronous motors on the paper machine drive and 
were self synchronized. 

The plant has been operating for two years, I believe, and they 
have had no difficulty with breaking the sheet of paper when the 
2500-kw. units are put on in parallel with 200-h. p. motors. 

F. V. Smith: Mr. Darling’s experiences with the difficulties 
encountered with manual synchronizing and the success of 
self-synchronizing methods are interesting and bring out strongly 
the necessity for very accurate synchronizing in some eases. 
The average paper-mill operator cannot always be expected to 
hit the mark and it is apparent that if a machine is excited and 
thrown in out of phase it will produce more disturbance than if 
put on the line as an induction motor. With a reliable means of 
assuring proper phase relations as is done by the automatic syn- 
chronizer the disturbance would be reduced to practically zero. 

Mr. Gerrie also has mentioned successful self-synchronizing 
with machines without dampers. This is sometimes a possi- 
bility and should always be tested out in case of old machines 
that are to be made automatic and are not provided with damp- 
ers. In certain cases with a large number of solid poles suffi- 
cient current will circulate in the pole faces to pull the machines 
into step. This is the exception rather than the rule, however. 

Mr. Gerrie and Mr. Publow have brought up a number of 
points which will be covered in order. 

As to the economy of supervisory control installations, every 
problem has to be treated separately. Proper inspection and 
maintenance is, of course, necessary but any operator capable 
of testing and adjusting relays should be able to handle the 
supervisory control without difficulty. There are many systems 
operating with only one or two plants and finding it quite econom- 
ical. There is no reason why the governors should not function 
as satisfactorily after years of service as any other piece 
of equipment. 

As to regulators, by far the most satisfactory arrangement is 
to have a separate regulator for each machine. Proper division 
of reactive current can then be secured without any difficulty 
by proper cross compensation; any instruction book on regulators 
will explain this connection. 

In general, the battery should be charged from rectifiers. 
This is particularly true where a regulater is used on the exciter 
and the voltage varies over quite a range. The control for 
rectifiers is quite simple and most suitable for automatic stations. 
There is no fundamental objection to a motor generator except 
the additional expense and complication of control which is 
not in general felt to be justified. 

The integrating type of remote metering should be perfectly 
accurate while the graphic type should be accurate within three 
per cent which is comparable with any graphic meter. The 
various types of metering schemes available have their applica- 
tion depending on the kind of indication required and the length 
and characteristics of the control cireuit. In adjusting load 
the time lag in the meter should be no greater than that in 
the governor and gate mechanism and it is difficult to see that 
this is of any particular moment. Any operator would nat- 
urally wait for a few seconds after changing load before making 
another adjustment. 


Both Mr. Gerrie and Mr. Publow refer to the failures of super- 
visory-control cable when faults occurred on the high-tension 
line owing to lack of foresight in locating the station grounds. 
It is to be hoped that this experience will prove of value to others. 

The question as to the setting of low-voltage relays and the 
number of annunciators provided can always be adjusted to the 
satisfaction of all concerned. 

As to the multiple-unit stations, where individual regulators 
and direct-connected exciters are used with rectifier control for 
the battery, the problem is not difficult to handle. The parallel 
operation of regulators has already been mentioned. 

The direct-connected exciter is particularly advantageous 
because of the elimination of all starting or governor control for 
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a separate motor-generator set or water-wheel exciter together 
with the protective apparatus that would have to be provided. 
The time of starting and getting on the line would also be de- 
layed by the time necessary to start the exciter and another link 
would be added in the chain which should be made as simple as 
possible in all automatic stations. 

Mr. Publow brings up a number of points that have already 
been covered. The shutting down of a generator due to high 
frequency on the system has not been encountered to any 
extent. It is difficult to say why it would not be satisfactory to 
set up the governor to the top frequency limit so that the auto- 
matie generator would tend to take load rather than shut down 
and then by means of supervisory control the load can be adjusted 
afterwards to suit. 

The application in which exciter voltage is used to determine 
approximately synchronous speed is one in which the automatic 
generators are small in comparison with the whole system and 
accurate adjustment is not necessary as the current surge on 
closing the breaker is unimportant. This does not interfere 
with over-voltage protection of the exciter. 

The arrangement of protective tubes has already been de- 
scribed in the paper; there is nothing further te add on this 
point. 

Mr. Publow has listed a number of points on which successful 
supervisory control is dependent. I find myself in hearty 
agreement with these; they are all incorporated in the code type 
of supervisory control. Also automatic switching is in general 
in accordance with the factors mentioned. 

As to the desirability of grounding the battery, it isfound much 
more satisfactory to keep the battery circuit entirely isolated so 
as to prevent any faulty operation by accidental grounds. 

Difficulties with the oil dash-pot for governor control have 
never been found to be of any importance and as far as is known 
it has never been felt necessary to use a motor mechanism. 

The same feeling exists as to control for the governor motor; 
while it is open to objection at times the change suggested has 
never been felt warranted. There is no objection to it, however. 

It is not possible to give a definite figure for ground resistance; 
that which would be satisfactory in some cases would be quite 
unsatisfactory in others. The essential point is that the ground 
resistance should be such that is is considerably less than the 
path provided through the supervisory circuit which can be 
determined for any particular case. 

There is a last Important point which must be considered and 
which has been mentioned by both discussors, and that is the 
relation of the manufacturer to the installation and operation of 
the equipment. While it is the duty of the manufacturer to 
furnish the apparatus with complete information, it is a question 
whether it is desirable that he should take care of all the instal- 
lation and initial operation. As the operating company’s 
men must ultimately take charge of everything and also correct 
troubles when they occur, there is no way for them to become 
better acquainted with the details than in the erection stage 
and the more they have to do with it the better; they will then 
feel enough confidence to go ahead when difficulties occur. 
Many operators feel that there is something mysterious about 
automatic control. There is no justification for this attitude 
and there is nothing in automatic and supervisory control 
that cannot be handled by intelligent operators without constant 
appeals to the manufacturer. 


These tests were made on 1400-kv-a, 180-rev. per min. units 
driven by propeller-type turbines. 

In L 446 it is interesting to note what a slight disturbance was 
noticeable in the system voltage when a unit was placed on the 
line and failed to ‘‘pull in” due to its slow speed. The machine 
was thrown on the system when it had a speed of 150 rev. per min. 
Curve A shows exciter voltage and timing wave. Curve B 
shows stator amperes. Curve C shows system voltage. 


L 499 shows a unit synchronized with a duplicate unit carrying 
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no load and although an abrupt voltage disturbance occurred 
it was practically damped out in a second. Curve A shows ex- 
citer voltage on the unit being synchronized. Curve B shows 
stator amperes on the unit being synchronized. Curve C 
shows voltage of the running unit. 

L 467 proves how smoothly and quickly an isolated unit can 
be placed in service on a system. Curve A shows field amperes 
and timing wave. Curve B shows gate opening and speed. 
Curve C shows generator voltage. 

In L 448 where the unit failed to ‘‘pull in’ due to overspeed, 
there will again be noted the slight voltage disturbance which 
occurred and also the peculiar alternately large and small stator- 
current disturbances. The machine was connected to the system 
when running at 200 rev. per min. Curve A shows exciter 
voltage and timing wave. Curve B shows stator current. 
Curve C shows system voltage. 

A severe test of field failure under load is shown in L 460. 
Apparently there was no tendency for this unit to pull out of step 
at the load carried. Curve A shows gate opening, speed and 
timing wave. Curve B shows field current. Curve C shows 
stator current. 

The test shown in L 468 was performed to illustrate the ability 
of a unit (No. 93) to pull into step with a duplicate unit (No. 92) 
running under no load at a reduced frequency. Unit No. 92 
was running at 160 rev. per min. on governor control. The 
governor of No. 93 was set for highest speed. Curve A shows 
generator field amperes and timing wave. Curve B shows 
gate opening and speed. Curve C shows stator amperes. 

L 444 shows the failure of a unit to pull into step when con- 
nected to the system while running at 150 rev. permin. Curve A 
shows exciter voltage and timing wave. Curve B shows stator 
current. Curve C shows system voltage. This, it should be 
noted, is a duplicate of L 446, but the initial disturbances are 
quite different. 


STEEL-ENCLOSED POWER RECTIFIERS! 
(MartT1) 
Niaaara Fauus, N. Y., May 27, 1926 


R. H. Wheeler: Mr. Marti has been quite conservative in 
many statements in his paper. Progress in the development of 
the rectifier, together-with its applications in commercial service, 
is going forward at a rapid rate. One thing that Mr. Marti 
did not bring out, and which from my angle is interesting, is that 
the rectifier is a piece of machinery which has the ability of 
being placed in practically any available space, rather than 
demanding a machine hall with ample provision for ventilation. 
The floor loadings required by the rectifier are less than 200 lb. 
per sq. ft., and permit of the rectifier being installed directly 
without special foundations. 

I wish to confirm the statements of Mr. Marti as to the 
absence of noise. There are no reciprocating parts other than 
that of the vacuum pump which, when it is running, makes a 
chatter, but when one realizes that it is operated by a frac- 
tional h. p. motor, it is at once evident that the noise is not 
great and can easily be muffled by a cover if absolutely noiseless 
operation is desired. 

Otto Naef: Mr. Marti mentioned that in order to obtain 
close d-c. regulation, special equipment must be added, and he 
quoted the interphase transformer, or absorption coil, as it is 
often called, as one of the means. 

After considerable research, Brown Boveri has succeeded 
in bringing out a zig-zag-connected transformer winding which 
gives the same close regulation as is otherwise only obtained by 
the use of an interphase transformer. Because of the somewhat 
larger transformer required, this solution is not necessarily 
cheaper than the older method, but it has the advantage of 
greater simplicity. 


1. A.I. E. E. Journat, Sept. 1926, p. 832. 
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D. C. Prince: Mr. Marti refers to an ingenious seal as 
having made possible the successful steel-tank rectifier. The 
accompanying Fig. 1 shows one of these earliest types of steel 
rectifiers, built about 1908. The operation of these early recti- 
fiers compared favorably with that of any of the newer types. 

In saying that the quantitative relations on which rectifier 
design is based are well established, Mr. Marti doubtless refers 
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to the circuit characteristics. As far as I am aware, no data for 
metal rectifiers have been published including reproducible 
curves between volts and amperes at which are-back occurs, 
such as shown in Fig. 2 herewith. This curve was made from a 
glass rectifier. 

The extent to which engineering opinion differs regarding 
the fundamentals of steel rectifier design is brought out by 
comparing the accompanying Fig. 3 with the Brown Boveri 
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rectifier shown in section in Mr. Marti’s Fig. 10. It will be ob- 
served that the A. H. G. type has no are guides and no condensing 
dome nor any elaborate anode hoods. The A. E. G. rectifiers 
are regarded as highly successful, and there are many installa- 
tions. I understand that they have little if any seal trouble. 

Even the figures accepted for some years for cathode drop 
have recently been overthrown’. The present figure is about 
10 volts, part of which is consumed as latent heat of ionization 
of the mereury vapor. This part is responsible for most of the 
heating at the anodes where recombination occurs. 

Too much cannot be said in praise of the paper by Messrs. 
Daellenbach and Gerecke referred to by Mr. Marti as the basis 
for his circuit theory. The part quoted by Mr. Marti, applying 
to regulation, is limited to the case of no resistance and reactance 
only in the individual anode leads. It is also limited to the case 
where not more than two anodes carry current simultaneously. 
The original paper by Messrs. Daellenbach and Gerecke is 
much more complete and will repay careful study, although the 
analytical methods pursued become rather involved for the 
more complicated cases met in practise. Their paper has been 
very useful in my work. 

E. B. Shand: A number of years ago the Westinghouse 
Company did a great deal of work on steel-tank rectifiers, and a 
resumé of this was given by the late B. G. Lamme in the dis- 
eussion of ‘‘Power Rectifiers’? by Milliken, Proc. Assoc. Iron & 
Steel E. E., 1921, p. 645. In this work, we started using mercury 
seals with the steel tanks in 1908 and developed them in 1909 
to the general type used at present by the Brown Boveri Com- 
pany. In 1915 considerable amount of work was done on 
plastic sealing cements. Our experience at that time indicates 
that the tightest possible joints can be made by this means, 
although the application to commercial use presents an addi- 
tional problem. At this time we were able to operate rectifiers 
of commercial size with these seals for periods of somewhat over 
a month, without pumping. Welded tanks were introduced in 
1910. 

I might add that the wire resistance gage for high vacuum, 
which is mentioned in Mr. Marti’s paper (Figs. 164 and B), 
was developed during this work in 1916 or 717. I still have in 
the laboratory a gage of this sort which dates from the above 
period. 

A single auxiliary anode was used for both starting and ex- 
eiting of the rectifier. An external source of direct current 
was supplied to this anode. Small rectifiers are now available 
for the purpose of furnishing this power and which require no 
attention of any sort. 

In connection with the bibliography, I believe that the inter- 
esting papers of M. Giroz? should be included. 

In connection with the tabulated data on the sixth page of 
Mr. Marti’s paper, I notice that the case of three single-phase 
transformers connected in star has not been included. In 
this case, the current ratios in the transformers secondaries 
and in the primary line are similar to the case of the delta- 
connected transformer with the balance coil. 

It might be added that the balance coil or interphase trans- 
former was developed in connection with the earlier work of the 
Westinghouse Company by Mr. C. L. Fortescue. 

S. QO. Hayes: A point that may be of interest to a good 
many people is that the electrification of the railways in Japan 
now being carried out at 1500 volts direct-current has quite a 
large number of substations, and some of those substations 
have synchronous converters, some have motor converters, 
some have motor-generator sets, and some have mercury rectifiers; 


2. Gtnther-Schulze, Engineering Progress, Aug. 1925, (in English). 

3. Les Redresseurs a Vapeur de Mercure, Bulletin de la Societe Fran- 
caise des Electriciens, June, 1924, p. 463. 

Les Redresseurs a Vapeur de Mercure Grand Debit, Revue Generale de 
U Electricite, Nov. 20, 1920, p. 721. 

La Chute de Tension Inductive des Redresseurs a Vapeur de Mercure, 
Revue Generale del’ Electricite, Feb. 14 and 21, 1925, p. 253 and 303. 
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and they are operating the whole system together in parallel. 

F. A. Faron: Mr. Marti infers in his paper that arc-backs 
occur during the bake-out or forming period. Are we to under- 
stand that are-backs never occur during regular operation? 

On the twelfth page Mr. Marti refers to the possibility of a 
rectifier starting to take peaks of such short duration that con- 
verter units would miss these peaks. What he says about start- 
ing may be true, but why should a machine be started to take care 
of such peaks? This is what the overload capacity of the machine 
is for. And if the load goes beyond this allowable limit, it is not 
usually a useful one and devices are provided to take care of 
limiting the output. With reference to regulation, it should be 
noted that it is possible, as brought out by Mr. Prince, to build 
rectifier equipment with practically flat d-c. voltage characteris- 
ties from low load to full load. 

Mr. Marti indicates that traction loads are handled by con- 
verting equipment with drooping characteristics. This is not 
quite correct, for in 90 per cent of the traction substations in 
this country, compound-wound machines are used, having practi- 
cally flat voltage characteristics from no load to full load. 

Fig. 20 is apparently based on a maximum rated unit. Ex- 
perience has shown that railway operators are not particularly 
interested in a maximum rating but in what the machine will do for 
a period of about two hours, which is the usual duration of peak 
service. This is fairly well brought out in Curve 21-B, on the 
same page. In comparison with Curve 20, it should be noted 
that a standard 500-kw. railway converter, for instance, would be 
rated 750 kw. for two hours and three times load for one minute. 

Does Mr. Marti intend to convey that all equipment including 
rectifiers, transformers, auxiliary devices and switchboard for 
600 volts take about the same space as complete converter 
equipments, or does he mean only the tanks? I am of the 
opinion that the complete installation of rectifiers, transformers, 
reactors, accessories, switchboard, ete., oecupy more space than 
equivalent converter capacity for this voltage. I agree with 
Mr. Marti that, for higher voltages, the complete rectifier units 
require less space than converter units. 

In traction work it is quite common to provide single-phase 
transformers which give the possibility of open-delta operation 
of converters in cases of emergency. This feature is not desirable 
in connection with a rectifier. 


Under the subject of starting it should be noted that in auto- 
matic stations it is usually found more economical to remove 
the transformer from the line when the station is not in operation, 
to save the transformer excitation losses. 


I have been unable to check the figures given under the heading 
Efficiency, as the converters offered by American manufacturers 
have higher efficiencies than those shown on the curves of Fig. 
214 and actually cross the efficiency curve of the rectifier at 
about 600-kw. point, and show somewhat over one per cent 
higher efficiencies of the converter than Curve A, which reduces 
the hypothetical saving set forth by Mr. Marti. : 


I am fearful that ‘‘automatie control’ is a rather abused 
and misunderstood term, but it should be understood as applying 
to a station wherein all functions of operation are performed with- 
out the aid of an attendant. 


Certain functions necessary to the operation of a rectifier, 
which are absent with converter operations, must be properly 
incorporated in the control, and protection provided should the 
sequence of the device in operation be other than that intended. 

There will be certain temporary shut-downs during operation 
which the control must take care of; such, for example, as low 
a-c. power supply, ‘single-phase operation, overheating of the 
rectifier, failure of the exciting are and overheating of the 
transformers. 


Furthermore, such conditions as failure of cooling-water 
supply, continued are-backs, heavy sustained overloads, ete., 
require that the equipment be shut down and locked out, and 


Oct. 1926 


that the automatic control be designed to carry out these 
functions. 

Incidentally, a very careful investigation has convinced me 
that there have been no rectifiers built which will not arc-back 
if the vapor-pressure conditions in the neighborhood of the anode 
are not correct. 

Mr. Marti says: “‘For instance, a railroad equipped for using 
600-volt direct current can be changed to 1200-volt direct current 
merely by changing the connections of the transformers and 
making no changes whatever in the rectifiers.” It is one of the 
advantages of rectifiers to be able to use the same unit for 
higher voltages, provided it is suitably insulated;—but unfor- 
tunately the substation is only one thing that must be changed; 
in fact, changing the substation voltage, even where converters 
are used, is a relatively small expense compared to insulation of 
line, sectionalizing switches, motors, control, ete. 

The substation of the average traction system in this country 
represents only an investment of about 20 per cent of the total 
investment in electrical apparatus and of this the converter 
and transformer represents about one-half, and it can readily 
be appreciated that changing the voltage at the substation is 
asmall part of the total cost. 

There have been cases in the past where it was as simple 
to arrange substations originally designed for 600 volts and which 
contained two or more machines to provide for 1200-volt opera- 
tion, merely by insulating the base of one machine and connecting 
the units in series; in fact some of the first 1200-volt roads in 
this country contain substation equipments arranged in this way. 
I would therefore suggest qualification of this statement. 

In another sentence of this paragraph attention is called to 
the rectifier being able to withstand “instantaneous currents 
of even three times the normal value.’ It should be noted that 
standard, 500-kw., synchronous converters for railway service 
are guaranteed to stand three times normal load for one minute. 


From this discussion it might be assumed that I oppose 
rectifiers as against synebronous converters, but such is not 
the case. Rectifiers are a comparatively new type of apparatus 
in this country, and their operation will be watched with interest, 
for undoubtedly there are applications where rectifiers are de- 
sirable. There are some points in Mr. Marti’s paper, however, 
with which J cannot agree. 

Albrecht Naeter (communicated after adjournment): Havy- 
ing had the privilege of making an acceptance test of one of the 
early Brown Boveri rectifiers in the United States, the writer 
was very much interested in this article by Mr. Marti, for he 
found that in the early stages of operation, after the 
forming period of the electrodes of the particular set tested, 
considerable difficulty was encountered by the operating staff 
in maintaining a good vacuum. Frequently only a few minutes 
after a vacuum determination had been made by the MacLeod 
type of gage the vacuum would drop quickly to a value considered 
unsafe for continued full-load operation. Fortunately the 
development of the novel electric hot-wire vacuum gage, according 
to the paper under discussion, has helped to ameliorate this 
situation because of the further researches made possible through 
it. The writer feels that, from the standpoint of the operating 
personnel, the vacuum-gage indication should be a continuously 
recording one that is visible at all times. Naturally this would 
be taken care of through the automatic feature of the vacuum- 
pump set in complete automatic sets, provided the rectifier is 
kept out of service without an operator’s attention when the 
vacuum is low. 

The writer recognizes the advantages of rectifiers, and agrees 
heartily with their use for higher voltages such as are common 
in railway work. It seems that undue stress has been laid upon 
the relative merits of these rectifiers and synchronous converters. 
Mr. Marti points out in his paper that the best field of application 
of these rectifiers is that of higher voltages,—higher than those of 
the commercially practicable synchronous converters. If the 
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efficiency curves in Fig. 21 had been plotted for 240-volt ma- 
chines, instead of 600-volt, and for the same kilowatt rating, 
the rectifier would probably have been found at a disadvantage. 
The rectifier would have shown up still less favorably if the over- 
all efficiency of a 3000- or 4000-kw. synehronous-converter set 
of 240 volts had been compared to that of the several rectifiers 
required for the same output. A number of years ago the tech- 
nical press was full of articles on the relative merits of motor- 
generator sets and synchronous converters, on the assumption 
that was then accepted that these machines were equally ap- 
plicable to the same field; but now it is recognized that each 
has its particular advantages that make its application desirable 
in certain cases. 

Inasmuch as the author places emphasis on the merits of recti- 
fiers, it would have been well, for the sake of completeness of 
the article, to summarize some of the disadvantages of rectifiers, 
particularly as compared to the converter, (since he carries out 
that comparison), such as low efficiency at 240 volts, limited maxi- 
mum sizes now available, lack of neutral for three-wire systems, 
ete. . 

O. K. Marti: Referring to Mr. Prince’s remarks regarding 
engineering opinion concerning the design of various types of 
rectifiers, I should like only to eall attention to the fact 
that the Brown Boveri rectifier, a cross-section of which is 
shown in my paper in Fig. 10, outnumbers the A. E. G. type 
shown by Mr. Prince, in the proportion of ten to one,and itcan 
be inferred from this fact that the eventual development will 
probably result in a type similar to the one shown in Fig. 10 in 
my paper. 

With reference to Mr. Shand’s discussion, it was interesting 
for me to note that two companies have followed, independent 
of each other, practically the same lines in developing the steel- 
enclosed rectifier. Regarding the two systems of ignition, it 
is certain that the a-c. system of ignition and excitation is far 
superior to the other system, since it does not require an auxiliary 
d-c. generating device. 

I am obliged to Mr. Shand for the additional references for 
my bibliography and, at this opportunity, I should also like to 
mention a series of articles by Dr. Schaefer, published in the 
BBC Mitteilungen, 1919, Nos, 3, 5, 7, 8, and 9; incidentally, 
these articles discussed for the first time a method of compound- 
ing mereury-are rectifiers similar in principle to the one on which 
Mr. Prince’s paper is based. ; 

To Mr. Faron’s remarks, I should like to add that, under 
normal operating conditions, a rectifier will not back-fire, but 
there is no question that back-fires may occur under abnormal 
conditions, such as those caused by inadmissibly high overloads, 
poor vacuum due to leakage or the use of improper material 
in the manufacture of the rectifier. 

Regarding starting, I wish to bring out the fact that a rectifier 
can be started in less than two seconds, being then immediately 
able to pick up lead. This surely is an advantage over a rotary 
converter which requires about thirty seconds for starting, 
and therefore cannot take eare of any load before that time. 
To a railroad company, for instance, it means a great deal to 
have no delays of trains caused by lack of power. 

Referring to the over-compound characteristics of traction 
conversion devices, it would have been interesting if Mr. Faron 
would have mentioned not only the fact that 90 per cent of the 
installed synchronous converters have over-compound charac- 
teristics, but would also have stated what was the percentage 
of converters with such a characteristic ordered during the last 


year. He would probably have found that it was about 50 per 
cent. This would have given a true picture of the status of the 
matter. Moreover, it would have been interesting if he would 


also have given the relative advantages of the two characteristics 


for railway service. I, personally, cannot see any, but will state 
here some of the many advantages of a drooping characteristic. 
It is realized by most railway men that the latter characteristic 
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guarantees a far more flexible operation and a far better dis- 
tribution of load between neighboring substations. This 
results in a better load factor, allows giving the same service 
with a lower station capacity, reduces the losses in the feeders, 
and does away, in most cases, with a load-resisting device. 
This last means nothing else than a complication of the system 
and a great waste of power as long as it is in operation. 

As to the floor space needed by a rectifier, it is true that the 
actual floor space required -by a 600-volt rectifier, with all its 
auxiliaries, is somewhat more than for a rotary converter of the 
same voltage and capacity. However, ‘considering the smaller 
weight of the rectifier, it is possible to utilize the space available 
for the converting units more effectively,—for instanee, by 
mounting the rectifier and its auxiliaries on different floors of a 
building. Moreover, for the same reason, a lighter foundation, 
and also a lighter building construction, can be used, so that both 
in the ereetion of new buildings and in the adaptation of old 
buildings to substation uses, a material gain is effected. 

With reference to the efficiency curves shown in Fig. 214 
of my paper, I should like to mention that they were derived 
from data published by American manufacturers, including the 
stray losses according to the A. I. KE. E, Standards, given as one 
per cent of the output. The efficiency of the transformers was 
taken to be the same for both the rotary converters and the 
mereury-are rectifiers. 

Regarding the automatic control, Mr. Faron states that 
auxiliaries will have to take care of abnormal conditions; but 
this holds true also for rotary converters. I wish to point out 
again that the automatic control of a rectifier is much simpler 
than that of a rotary converter, as most of the operations neces- 
sary in starting a rotary converter,—such as step-changing, 
raising and lowering the brushes, polarity check, ete.—are absent 
in the starting of rectifiers, for which the total starting operation 
consists of the natural sequence of closing the a-c. breaker, the 
automatic ignition, and closing the d-c. breaker. Due to the 
valve action of the are, the protection which Mr. Faron recom- 
mends is not needed for the usuala-ce. voltage supply. 

I fully agree with Mr. Naeter’s statements, and I think he 
is more than right when he compares with the present conditions 
the state in which electrical engineers were when the rotary con- 
verter came into prominence to take the place of the wellestab- 
lished motor generator. There is no question but that a rotary 
converter will in many cases have an advantage over a mereury- 
are rectifier, just as a motor-generator set shows outstanding 
advantages over the rotary converter in certain applications. 


MOTOR VEHICLE LIGHTING TESTS 

An interesting series of lighting tests were conducted 
in connection with the meeting of the joint Steering 
Committee of the Illuminating Engineering Society 
and the Society of Automotive Engineers which was 
held during the recent convention of the S. A. E. at 
French Lick. . 

Seven cars were equipped with special test head- 
lighting equipment consisting of two pairs of headlamps 
on each car giving a graduation of vertical and hori- 
zontal spreads of light over a wide range. Means were 
provided also for securing asymmetric distribution 
(low beam on the left and high beam on the right). 

The demonstrations attracted considerable attention 
in that they showed the wide range available which 
could be made to conform to the state requirements 


while meeting the tastes of different car operators.. 


A large number of persons participated and itis hoped that 
their comments willaid the committee materially in guid- 
ing future work.—From I. E. 8S. Transaction, July 1926. 
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INSIDE-FROSTED LAMPS 
A Discovery Promoting Efficient Light Production 

Growing appreciation of the importance of good 
electric lighting during the decade between 1915 and 
1925 led to much wider use of diffused light. Diffusion 
by enclosing the lamps in translucent glassware and 
adequate shades and by using other devices was a 
vague subject to the general public. 

Consequently with the advent of the high-efficiency 
tungsten lamp, the manufacturers endeavored to con- 
ceal the bright filaments by etching or frosting the bulbs. 
Frosting on the outside of the bulb proved objectionable 
for two chief reasons. It was wasteful of light, off- 
setting, to a slight degree, the great progress made in 
increasing the light-producing efficiency of the filament. 
Also, outside-frosted lamps collected dust and dirt 
quickly, which could not easily be wiped off. 

For many years lamp engineers realized that a lamp 
frosted on the inside, instead of on the outside, would be 
very desirable. It would not only present a smooth 
outside surface and be as easily cleaned as a clear lamp, 
but a lighter frosting would suffice, increasing the effi- ° 
ciency. The trouble with the idea was, that when a lamp 
bulb was frosted on the inside, it became as brittle as 
an egg shell. For twenty years engineers wrestled with 
this problem to no avail, until Marvin Pipkin, of the 
National Lamp Works of the General Electric Company 
solved the difficulty. The method is simple. 


A strong solution of acid is first sprayed into the 
bulb, which etches it. In this condition the surface 
of the glass is made up of irregular little projections 
with many sharp angles. While the glass is still in 
this state it is extremely weak, and a slight pressure or 
bump is sufficient to shatter it. So far, the process is 
similar to former attempts at inside frosting. The 
difference lies in the strengthening process, which is the 
application of another acid solution, somewhat weaker 
than the first. This second treating rounds off the 
sharp edges and minute projections, giving the glass an 
appearance, under a powerful microscope, of being 
made up of tiny hemispheres. The bulb is now strong 
again,—just as strong as it was originally. 


Superiority of the inside-frosted lamp over the out- 
side-frosted, so far as light transmitting characteristics 
are coneerned, also needs explanation. In the outside- 
frosted lamp, light from the filament travels through 
the gas or vacuum to the wall of the bulb, then through 
the glass, on the outer surface of which it meets the 
frost. Then, depending upon the direction of the plane 
of the particle of rough surfaces, the beam either 
passes on through the frosted surface as useful light or 
is reflected back through the glass layer. Each time the 
light passes through the glass, a certain amount of 
absorption takes place. 

Diffusion of the light by the inside frost is obtained 
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by prismatic refraction with comparatively little loss. 
In fact, the inside frost allows an even greater portion 
of the light to pass through than does a similar frost on 
the outside of the lamp. This is due to the fact that 
the multiple internal reflections are not so numerous 
in the inside frosted lamp because the rough, interior 
surface does not reflect any considerable portion of the 
light back and forth insivle the lamp, as happens with 
the outside-frosted lamp. Moreover, the relative 
absorption of the inside frost does not increase so rapidly 
with the life of the lamp as does that of other diffusing 
media. 

For these reasons, then, the inside-frosted lamp is 
only about two per cent less efficient than a clear lamp, 
contrasted with a loss of efficiency of three to four 
times this much in the old style sand-frosted and 
sprayed lamps. 

Another great benefit of the discovery of inside 
frosting is at once apparent when it is realized that 
now the manufacturers need only one type of lamp 
of each wattage instead of lamps with several different 
finishes. This is beneficial not only from the standpoint 
of economies resulting from the increased use of auto- 
matic machinery and the decreased investment in 
lamps lying idle in warehouses and on dealers’ shelves, 
but also there is still greater benefit for the public in 
general. Since the inside-frosted lamps give practically 
as much light as clear lamps, they can be used to replace 
clear lamps for every ordinary use. This means that 
wherever, because of ignorance or carelessness, lamps 
are used without proper shades or glassware, the inside- 
frosted lamps will afford a certain degree of eyesight 
protection. Furthermore, wherever lamps are properly 
shaded, the inside frosting will eliminate sharp shadows 
and striations, with negligible loss of efficiency. 

The invention of the inside-frosting process, of the 
same order of importance as the invention of gas-filled 
lamps and tipless lamp construction, is one more example 
of the value of systematic research, persistently pursued. 


EUROPE ORGANIZES ITS LIGHTING ACTIVITIES 

Within the last two or three years an increasingly 
greater amount of attention has been given in various 
European countries to the promotion of better lighting 
in factories, homes offices and the like. Lighting 
demonstrations, illumination courses, technical and 
advertising literature are all being pressed into service 
to carry the message of good lighting to the people of 
many foreign lands. A list of some of the European 
countries where this work is now being carried on 
intensively would include England, France, Germany, 
Italy, Austria, Sweden, Czechoslovakia, Belgium, 
Scotland and perhaps some others. 

Holland has only recently organized an Illuminating 
Engineering Society which is supported by a number of 
able and prominent men. 

Like some of the others, this new society has the 
following objects: 

1. To educate the public in the art of illumination by 
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lectures, demonstrations, publications and the like. 

2. To demonstrate proper and practical ideas about 
lighting to pupils already in school. 

3. To encourage the application of proper lighting 
in practise by giving information and advice to those 
who desire it. 

4. To bring about new applications and improve- 
ments in lighting through the standardization of 
accessories and development work. 

It is being organized to accomplish these things by 
means of permanent demonstration rooms, illuminating 
engineering and general educational service. 

A lecture given by Mr. C. P. Jensen before the 
thirty-first Congress of the V. D. E. (Association of 
German Electrical Engineers) in June, at Wiesbaden 
dealt with the German Society of Lighting Economics 
from the point of view of the electrical organizations 
in Germany. It wasa plea to them to unite ina coopera- 
tive movement for a broader understanding of lighting 
economics asa means of rendering a greater service to the 
users of light. 

Once a suitable neutral basis for the cooperation of 
the electrotechnical industry has been created in the 
field of illuminating economics, there remains only the 
question of its practical influence on the broad masses 
of the light-consuming public with the view to in- 
creasing the service of this great electric lighting 
industry. 

It is hoped that a growing demand for electric 
lighting service will be established and that through 
increased production and other advantages to be 
derived from better lighting, a great economic good will 
be accomplished. 

Europe today, says Mr. Jensen, is setting out on a 
program of electrical standardization similiar to that 
which has meant so much to electrical progress in 
America. Plans are being made to standardize the 
voltages of lighting circuits and to decrease the number 
of lamp types. 

These German activities received their impetus over a 
year ago with the opening at Berlin of the new “house 
of light’ containing a group of lighting demonstration 
rooms. Since then some 50,000 people have been 
initiated there into the ‘‘mysteries’”’ of good lighting. 
Furthermore, many well attended illumination courses 
have been given and these have helped to spread the 
idea of the advantages of better lighting. 


TREND OF ELECTRIC LIGHTING 

Significant are many of the trends shown in the 
annual report of the National Electric Light Associa- 
tion’s Lamp Committee. In three years the average 
wattage of lamps consumed has risen from 55.6 to 
57.6; the percentage of exactly 115-volt lamps has 
risen from 42.8 to 44.6. The Committee recommends 
that every member company have a “well organized 
Lighting Service Department,’ and that there be 
permanent lighting demonstration rooms in every 
city of the country. 
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Pacific Coast Convention 
SALT LAKE CITY, SEPTEMBER 6-10, 1926 

“Excellent from a professional standpoint and highly enjoy- 
able socially’? was the verdict rendered, by the two hundred and 
fifty or more members and guests in attendance, upon the 
Annual Pacific Coast Convention held at the Hotel Utah, Salt 
Lake City, September 6-10. 

The technical program included numerous high-grade papers 
covering a wide variety of topics, discussions contributed by 
members and guests were valuable, inspection trips to power 
plants and other places of engineering interest were well man- 
aged, and all the visitors were highly appreciative of the cordial 
hospitality extended by the Salt Lake City members and the 
ladies of their families. 

SrupEeNnT ACTIVITIES 


The first event of the Convention was a Conference of Coun- 
selors and Student Branch Chairmen of the Pacific and North 
West Districts, on Monday morning, September 6. The 
Counselors present were: Henry H. Henline, Stanford Uni- 
versity; J. Hugo Johnson, University of Idaho; T. C. MeFarland, 
University of California; J. F. Merrill, University of Utah; 
F. O. MeMillan, Oregon Agricultural College; S. G. Palmer, 
University of Nevada; George S. Smith, University of Washing- 
ton; Royal W. Sorensen, California Institute of Technology; 
and J. A. Thaler, Montana State College. 

The Student Chairmen present were: F. D. Crowther, Oregon 
Agricultural College; J. W. Cruse, University of Acizona; 
Chas. F. Dalziel, University of California; Thomas L. Gottier, 
California Institute of Technology; Clarence M. Murray, Jr., 
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University of Washington; and Alfred V. Pering, Stanford 


University. 


President Chesney, National Secretary Hutchinson, Vice- 
President Schoolfield and others interested were also in 
attendance. ‘ 

Professor Merrill was elected Chairman of the Conference, 
and Professor Smith Secretary. There was an interesting and 
profitable discussion regarding various student activities and 
recommendations were adopted which will be transmitted to the 
Board of Directors. E 

Later in the week the Counselors of each of the two Districts 
met separately and organized as Committees on Student Activi- 
ties for their respective Geographical Districts as follows: 

Pacific District Committee: Chairman, Professor H. H. Henline, 
Stanford University; Secretary: Professor R. W. Sorensen, 
California Institute of Technology. 

North West District Committee: Chairman: Professor J. A. 
Thaler, Montana State College; Secretary: Professor George S. 
Smith, University of Washington. 


OPENING SESSION 


The first technical session was held on Monday afternoon and 
was called to order by Mr. C. R. Higson, Chairman of the 
Convention Committee, who greeted the members and guests 
and then presented George H. Dern, Governor of Utah, who 
delivered an excellent address of welcome. Chairman Higson 
then presented President Chesney as the presiding officer of the 
Convention, who in responding, congratulated the people of ~ 
Utah upon having elected an engineer to the office of Governor. 

President Chesney then delivered a brief address relating 
principally to research and standardization, in which he out- 
lined certain major policies which he believed should be followed 
by the Institute. pA ag 

He mentioned as examples of leaders in the research and 
development work in the electrical engineering field in this 
country, William Stanley, Nikola Tesla, Benjamin Lamme, and 
Chas. P. Steinmetz, giving a brief outline in each ease of the 
contributions of these leaders. After reviewing briefly the work 
done upon standardization in the electrical field in this country, 
President Chesney continuing said: 

“The American Institute of Electrical Engineers for the 
past twenty-five years, through its Standards Committee, has 
taken the initiative in the formulation of all the electrical 
standards of America, and its work is recognized as being 
authoritative throughout the entire world. Its procedure and 
its resulting standards during this period have been acceptable 
to the manufacturing and the consuming interests as well as to 
the general public. The industry has learned to value and de- 
pend upon the A. I. E. E. standards in commercial transactions 
covering matters of interest to all sections of the electrical 
industry. It has made no attempt to dictate to industry, but 
introduces standards on. any particular line only when it is 
clear that all interested parties agree that the step is wise and 
desirable. ; 

“Tn the Institute Standards Committee, or inits subcommittees, 
the manufacturer and purchaser and the general interests 
come together and develop the required standards in a way 
which has been generally satisfactory to all the interested 
sections of the industry. The electrical standards so issued - 
have been identified with the name of the Institute, and its 
name-should be continued in connection with them, and in the 
interest of simplicity and order it would appear that no other 
name was necessary. It should be remembered that the Insti- 
tute as an organization has no interest other than one.of public 
service, which duty the Institute has performed throughout the 
entire period of twenty-five years at its own expense. The 
Institute, therefore, in connection with the voluntary formula- 
tion of electrical standards, has assumed obligations during 
the past quarter of a century to the electrical industry and 
to the public which make it now impossible to discontinue the 
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present practise or lessen its responsibilities until a more simple 
and direct method has been devised and demonstrated.” 

The following papers and discussions were then presented: 

The Space Charge that Surrounds a Conductor in Corona, by 
H. J. Ryan and J. 8. Carroll, Stanford University. (Presented 
by Professor Carroll.) Discussion by Messrs. Harris J. Ryan, 
H. E. Mendenhall, F. O. MeMillan and J. S. Carroll. 

110-Kv. Transmission Line Construction of the Washington 
' Water Power Co., by L. R. Gamble, Washington Water Power Co. 
(Presented by the author.)' Discussion by Messrs. C. R. 
Higson, Harold Michener and the author. 

A New 220-Kv. Transmission Line, by C. B. Coe and H. 
Michener, Southern California Baiioa Co. (Presented by 
H. Michener.) 

Effect of Unbalanced Tension in a Long-Span Transmission 
Line, by EH. 8. Healy and A. J. Wright, Electric Bond and Share 
Co. (Presented with lantern slides by Mr. Healy.) Discussion 
by Harold Michener. 


TunspAy’s TECHNICAL SESSION 


The technical session on Tuesday morning was presided over 
by Vice-President Paul M. Downing, of San Francisco. The 
following papers were presented: 

The Circle Diagram of a Transmission Network, by F. E. 
Terman, Stanford University. (Presented by the author.) 

Calibration of Lichtenberg Figures, by K. B. MecHachron, 
General Electric Company. (Presented by the author.) Dis- 
cussion on the above two papers was presented by Messrs. 
J. Slepian and K. B. McEHachron. 

Stability Characteristics of Alternators, by O. EH. Shirley, 
General Electric Company. (Presented by the author.) 

Synchronizing Power in Synchronous Machines, by H. V. 
Putnam, Westinghouse Electric & Manufacturing Co. (Pre- 
sented by the author.) Discussions followed by Messrs. David 
Hall, C. A. Nickle, F. E. Terman, H. V. Putnam, and O. HE. 
Shirley. 

At the afternoon session, Vice-President Downing presiding, 
the following papers were presented: 

Vacuum-Switching Experiments at California Institute of 
Technology, by R. W. Sorensen and H. E. Mendenhall, Cali- 
fornia Institute of Technology. (Presented by R. W. Sorensen.) 
Discussion by Messrs. J. Slepian, D. C. Prince, H. E. Menden- 
hall and R. W. Sorensen. 

Electrical Practise in Lead-Silver Mines in Utah, by Leonard 
Wilson, Consulting Engineer. (Presented by the author.) 

Electricity and Coal Mining, by Daniel Harrington, Chief 
Safety Engineer, U. S. Bureau of Mines. (Presented by 
Mr. H. T. Plumb.) Discussion by Messrs. Paul Ransom, 
H. T. Plumb, D. C. McKeehan and Paul M. Downing; also 
a comunication from F. L. Stone. 

Engineering Education: Its History and Prospects, by H. H. 
Henline, Stanford University. (Presented by the author.) 
Discussion by Messrs.'F. E. Terman, J. H. Johnson, George H. 
Smith, R. W. Sorensen, D. I. Cone, H. T. Plumb, D. C. Prince, 
H. Michener, K. B. Miller, F. O. McMillan, G. Ross Henninger, 
David Hall, Paul M. Downing and H. H. Henline; also a written 
discussion from L. R. Robinson. 

WEDNESDAY’S TECHNICAL SESSION 


Vice-President H. H. Schoolfield, of Portland, Oregon, presided 
at the session.on Wednesday morning, and the following papers 
were presented: 

Protection of Oil Tanks against Lightning, by F. W. Peek, Jr., 
General Electric Company. (Presented with motion pictures 
by the author.) 

Fire Protection of A-C. Generators, by J. A.. Johnson, ERS 
Falls Power Co., and E. J. Burnham, General Electric Company. 
(Presented with lantern slides by E. J. Burnham.) Discussion 
on the above two papers was presented by Messrs. J. Slepian, 
R. W. Sorensen, D. I. Cone, B. F. Howard and F. W. Peek, Jr., 
and a written discussion from H. H. Freiburghouse. 
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THURSDAY’S TECHNICAL SESSION 


At the final technical session on Thursday morning, Vice- 
President Schoolfield presiding, the following. papers were 
presented; 

Variable Veleae Equipment for Electric Power Shovels, by 
R. W. McNeil, Westinghouse Eiectric & Manufacturing Co. 
(Presented by the author.) A written discussion was presented 
from R.S. Stevens. 

Temperature of a Contact and Related Current-Interruption 
Problems, by Joseph Slepian, Westinghouse Electric & Manufac- 
turing Co. (Presented by the author.) 

Transcontinental Telephony, by O. B. Jacobs and H. H. Nance, 
American Telephone and Telegraph Co. (Presented by O. B. 
Jacobs.) 

Controlling Insulation Difficulties in the Vicinity of Great Salt 
Lake, by B. F. Howard, Mountain States Telephone & Telegraph 
Co. (Presented with lantern slides by the author.) Discus- 
sion by Messrs. J. B. Johnson, K. B. Miller, A. S. Peters, W. C. 
Lee and B. F. Howard. 

Carrier-Current Communication on Submarine Cables, by 
H, W. Hitcheock, Pacific Telephone and Telegraph Co. (Pre- 
sented by the author.) Discussion by Messrs. J. E. Heller, 
K. B. Miller, and W. G. Rubel. 


ENTERTAINMENT FEATURES 


On Monday afternoon, practically all the members and 
guests in attendance participated in an excursion to the Saltair 
resort on the shores of the Great Salt Lake, where many en- 
joyed the unique experience of bathing in the lake which is 
noted for its great buoyaney. Dinner and eta occupied the 
time of the visitors until a late hour. 

The principal social event of the Convention occurred on 
Wednesday evening, at which time all the members and guests 
present attended a dinner in the Hotel Utah, at the conclusion 
of which greetings were extended by C. R. Higson, Chairman of 
the Convention Committee, who then presented President 
Chesney as the presiding officer of the evening. Distinguished 
guests present included Senator Reed Smoot, Mayor C. Clarence 
Neslen of Salt Lake City, and President Grant of the Church 
of the Latter Day Saints. A brief and exceedingly interesting 
address was delivered by Senator Smoot, after which followed the 
ceremonies in connection with the presentation of the Edison 
Medal to Dr. Harris J. Ryan, as described more fully elsewhere 
in this issue. During the dinner the guests were favored with 
music and singing by local talent. 

The program of the week included many other enjoyable 
events, beginning with an organ recital in the celebrated Mormon 
Tabernacle at noon on Monday. ‘There were various drives 
about the city and nearby canyons for the ladies, including 
luncheon at the Country Club on Tuesday, and at the Pinecrest 
Inn, at the head of Emigration Canyon, on Wednesday. 

One of the principal events was an informal reception on 
Tuesday evening, the receiving line consisting of President and 
Mrs. Chesney, Dr. and Mrs. Harris J. Ryan, Vice-President and 
Mrs. Paul M. Downing, Vice President H. H. Schoolfield, 
National Secretary F. L. Hutchinson, Mr. and.Mrs. C. R. 
Higson, Mr. and Mrs. B. C. J. Wheatlake, and Mr. and Mrs. 
H. T. Plumb. Following the reception, a highly interesting, 
illustrated lecture on Western Canyon Scenery was given by 
Randall L. Jones, after which dancing completed the evening’s 
entertainment. 

A Golf Tournament was conducted on Wednesday afternoon, 
the winners being Vice-President Paul M. Downing and the 
runner-up, P. A. Parry, of Salt Lake City. Prizes were pre- 
sented to the winners by Chairman Wheatlake of the Utah 
Section at the closing Convention session. By winning the 
tournament, Vice-President Downing became the custodian of 
the John B. Fisken Cup, which is competed for each year at the 
Pacifie Coast Convention. 

Upon the adjournment of the final session on Thursday noon, 
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the members and guests were taken by busses for an excursion to 
Bingham Canyon and Magna, visiting the famous Mine and 
Mills of the Utah Copper Company, where the operations, 
including blasting, were of great interest to the visitors. A visit 
was also made to the underground workings of the Utah-Apex 
Mine. 

On Friday there was an all-day excursion provided by the 
Utah Power and Light Company to the Company’s new hydro- 
electric station at Cutler on the lower Bear River. 

During the Convention, a Conference was held of the Vice- 
Presidents of the Pacific and North West Districts and the 


representatives of the Sections within those Districts, at which’ 


it was decided to recommend that next year’s Pacific Coast 
Convention be held in the San Francisco territory at a date to be 
determined later. 

In addition to the various scheduled events referred to above, 
there were many courtesies extended by the local members and 
ladies of their families. A Local Ladies’ Committee, which was 
particularly active in providing for the comfort and pleasure of 
the visiting ladies, consisted of Mesdames Brundige, Clark, 
Hale, Higson, Moser, Plumb, Rowley, Salberg and Wheatlake. 

At the final session of the Convention, a motion was adopted 
expressing the high appreciation of the visiting members and 
guests of the effective services of the Local Convention Com- 
mittee in making and carrying out with gratifying success the 
plans for the various events of the Convention. The local 
members were: Messrs. C. R. Higson, Chairman, P. P. Ashworth, 
H. G. Baker, D. L. Brundige, H. W. Clark, R. J. Corfield, 
C. P. Kahler, J. A. Kahn, C. A. Malinowski, J. F. Merrill, 
H. T. Plumb, C. C. Pratt, Paul Ransom, John Salberg, M. M. 
Steck, H. B. Waters, and B. C. J. Wheatlake. 


Edison Medal Presented to Harris J. Ryan 


The most impressive feature of the Pacific Coast Convention 
was the presentation of the Edison Medal to Dr. Harris J. Ryan 
at the dinner on Wednesday evening, September 8, 1926. 

President Chesney presided and announced that the members 
and guests were assembled to honor Harris J. Ryan, Past 
President of the Institute, to whom the Edison Medal for the 
year 1925 had been awarded. He then called upon National 
Secretary Hutchinson, who briefly outlined the origin and 
significance of the Edison Medal. 

President Chesney then called upon Vice President Paul M. 
Downing, of San Francisco, who spoke of the work and achieve- 
ments of Dr. Ryan, in part as follows: 


Weare here this evening to do honor to one whom we all respect, admire 
and love, a man whose accomplishments in the field of scientific research 
and engineering have pointed him out as one upon whom the American 
Institute of Electrical Engineers should confer this particular mark of 
distinction. To those of us from the far west this is a particularly happy 
occasion because for more than 20 years we have had the pleasure and the 
proud privilege of claiming Dr. Ryan and his charming wife as residents of 
our sunny state of California. 

Born in Powell Valley, Pennsylvania, Dr. Ryan received his early 
education in Baltimore City College and Lebanon Valley College. Leaving 
the latter he entered Cornell in 1883, about the time that institution was 
inaugurating its electrical engineering course. After graduating from 
Cornell in 1887 he was for 2 years associated with J. G. White and D. C. 
Jackson then engaged in general engineering practise under the firm name 
of Western Engineering Company. In 1889 he returned to Cornell as 
instructor in charge of the electrical machinery laboratory. This change 
marked the turning point in his career in that he left the field of commercial 
engineering to enter that of scientific research. Advancement in his chosen 
line of work was rapid. In 1890 he was made assistant professor in electri- 
cal engineering at Cornel! and in 1895, when only 29 years of age, he was 
honored by being appointed as professor in full charge of the electrical 
engineering department. Heremained in that position until 1905 when the 
“kid’’ professor as he was then known accepted the call of Stanford Uni- 
versity to take charge of the electrical engineering department of that 
institution, which position he still holds. 

In reviewing Dr. Ryan’s accomplishments one cannot help but be im- 
pressed by the clear foresight and unprejudiced manner in which he has 
approached every problem confronting him. Scientific investigation is 
by its very nature pioneer work. It differs from that of engineering in 
that the scientist must work away out in advance of the engineer. He must 


INSTITUTE AND RELATED ACTIVITIES 


Journal Amie 


point out the way by blazing a trail along which the latter may follow 
perhaps years later and put to practical application the fundamentals that 
have been established by the scientist. It therefore follows that if a man 
is to be successful in scientific research work he must love his work, he must 
be a man of broad imagination, and he must have unlimited enthusiasm. 
Dr. Ryan answers all of these specifications. 

Since 1889, Dr. Ryan has been a liberal contributor to technical literature, 
many of his papers having been presented before this Institute. In review- 
ing his work one cannot help but be impressed with the fact that unlike 
many others engaged on more or less highly technical research work, Dr. 
Ryan has devoted his time and attention very largely to the scientific 
study of problems that have great practical and economic value to the 
electrical industry. As substantial evidence of this we find that one of 
his earliest contributions to electrical progress was a paper describing the 
development and pointing out the advantages of using balancing coils, as 
they were then termed, designed to overcome field distortion and the 
shifting of the neutral point in direct-current machines, due to armature 
reactions. The first practical application of this principle was in the Thomp- 
son-Ryan generator which was the forerunner of the present day interpole 
type.of construction now used almost universally in direct-current genera- 
tors and motors. This one improvement alone has been of tremendous 
commercial value to the industry not only in the improved operation of 
d-c. equipment, but by its application, the size and weight of machines per 
unit of capacity has been materially reduced, thus reducing the price 
correspondingly. 

But important as his studies in the field of direct current have been, 
those having to do with alternating current are of even greater importance. 
Looking back from our present position to the early 90’s, it seems easy in 
the light of present day knowledge to imagine how a high voltage system 
might very easily have been brought into existence, but at that time the 
scientific world knew but little about alternating currents and less about 
high voltages. There were wide differences of opinion respecting the possi- 
bilities of developing and transmitting power over long distances and there 
were wider differences of opinion on the question of whether alternating 
current or direct current was best suited for transmission purposes. 

It was in the laboratory at Cornell University that Professor Ryan began 
his studies in connection with the use of high voltages. Suitable equipment 
and facilities for carrying on his investigations were not available. Much 
of what he needed had to be built in the laboratory under his direction. 
Even at that time, when so little was known about high voltages, his fore- 
sight and wisdom in determining what the design and construction of such 
equipment should be were sound and it is interesting to know that the 
90,000-volt dry insulated transformer built by him many years ago is still 
in service and is an important part of the Cornell laboratory equipment. 

His paper on transformers presented before the institute in 1889 is one 
of his outstanding accomplishments. It was received by the scientific 
world with an enthusiasm that immediately brought the author into the 
limelight of international fame. 

No small part of the success attending the investigations covered by this 
paper is due to the development of the cathode ray wave indicator, or 
as it is now generally called the cathode ray oscillograph. Its develop- 
ment was more or less of an incident in connection with the solution of the 
bigger and more important problem being studied but it proved to be a 
most important factor in obtaining results that otherwise might not have 
been possible. It not only served a most useful purpose in connection 
with the work then in hand but during recent years it has found a broad 
field of usefulness in studying the high frequencies used in connection with 
the transmission of the human voice. 

A few years after this paper was presented certain experiments conducted 
on certain lines operating in the Rocky Mountain region resulted in the 
announcement by transmission engineers that 40,000 volts was the limit 
for transmission lines and it was useless to attempt to go higher. Doubting 
the truth of this announcement, Dr. Ryan with a pioneer spirit born of that 
type of mind to which all attainment is but a challenge to further effort, 
definitely determined to prove that the use of much higher voltages was not 
only possible but entirely practical. His investigations and studies along 
this line continued until 1904 when he summarized the results in a paper 
presented before the Institute entitled, ‘“The Conductivity of the Atmos- 
phere at High Voltages.’’ The fundamentals set forth in this paper were a 
distinct contribution to electrical science. By establishing the law of corona 
formation the problem of transmitting power at high voltage was materially 
simplified and the former theory that 40.000 volts was a maximum beyond 
which it was impractical or impossible to go was completely disproved. 

During recent years Dr, Ryan has devoted a great deal of his time and 
attention to the study of insulation and insulators for use on high voltage 
lines. The results of his investigations covering the distribution of voltage 
across the different units making up a string of insulators and the best 
manner of equalizing same, the cause and effect of aging of porcelain, the 
causes of failures and flashovers of insulators and other similar work have 
been of inestimable value to the engineering fraternity in the.design and 
successful operation of present day high-voltage lines. As a result of these 
investigations, insulator manufacturers have been able to improve the 
design and quality of their product to a point where today we find 220,000- 
volt transmission lines operating more satisfactorily in every respect than 
do those of lower voltages constructed at times when we knew less about 
insulators and insulation than we do now. 

No one will question the fact that during the past 30 years, transmission 
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of electric power has been one of the very great, if not the greatest, factors 
contributing to the growth of material wealth and the relief of labor. That 
growth has been made possible in a very large measure by the splendid 
work that has been'done and is today being done by Dr. Ryan and others in 
working out the highly complicated problems that have confronted the 
industry without the solution of which progress would have been greatly 
retarded. 

In recognition of the importance and value of the work that has been done 
and as substantial indication of their desire to have it continue, a number of 
electrical companies, both manufacturing and central station, have con- 
tributed toward the establishment of a modern up-to-date high tension 
laboratory at the University where research work well in advance of the 
industry can be carried on. Asa compliment to our honored past president 
and co-worker, this new laboratory, known as the Harris J. Ryan High 
Tension Laboratory, will forever stand a splendid monument to the untiring 
energy and ability of the man whose name it bears. So far as funds will 
permit the laboratory is well along toward completion but it is not yet fully 
equipped. 

That the electrical industry is willing to recognize and accept its indebted- 
ness to Dr. Ryan and the University, not only on account of the splendid 
work that has already been done but also on account of the broad liberal 
policy concerning future work, is evidenced by the generosity of the donors 
without whose financial assistance and support the ideals of Dr. Ryan and 
his co-workers could not have been realized. 

But beyond all of his accomplishments in the field of scientific work we 
must not overlook other of his achievements that can be measured only 
in terms of human value. During the more than 30 years that Dr. Ryan 
has devoted to training the minds and habits of young men he has endeared 
himself to all with whom he has come in contact and in this brief resumé 
of Dr. Ryan’s achievements as a scientist and a teacher, I could not properly 
conclude without paying a tribute to Mrs. Ryan. Along with Dr. Ryan she 
has always taken a parental interest in the work and welfare of their 
students. Their home has.always been open and students have always been 
received with a hearty welcome. 7 


At the conclusion of Mr. Downing’s address, President 
Chesney presented the Medal and Certificate of Award to 
Dr. Ryan, who in response spoke in part as follows: 


I appreciate profoundly the award of the Edison Medal and the oppor- 
tunity that I have now had of receiving the certificate of award and the 
medal from the hands of those who have been my life-long friends and virtual 
co-workers functioning as the officers of the Institute. 

At this extraordinary moment in my life my mind goes back to the 
beautiful and inspiring resolution that the Edison Medal Association made 
a part of its deed of trust to the American Institute of Electrical Engineers 
for the award of the Edison Medal which reads: 

WHEREAS: it seems to the (Edison Medal) Association that the most 
effective means of accomplishing the object for which it was formed would 
be the establishment of an Edison Medal which should, during the centuries 
to come, serve as an honorable incentive to scientists, engineers. and artisans 
to obtain by their works the high standard of accomplishment set by the 
illustrious man whose name and features shall live while human intelligence 
continues to inhabit the world. 

Its full significance will be born in upon us when we remember the things 
of incalcuable value in the world today that would be absent had there been 
no Edison. No man ever lived to be a finer example of the glory of work 
for the amelioration of the conditions under which mankind must live 
and be happy. ; 

The Certificate of Award and the Edison Medal are received by me in a 
deep consciousness of their significance and most earnestly do I hope that I 
may continue to deserve them as long as life shall last. 

It is eminently proper when a man has been awarded the Edison Medal 
by the American Institute of Electrical Engineers that he should be called 
upon to give an account of himself and that I now gladly do. 

Forty-three years ago this fall I entered Cornell as a freshman to take 
up the curriculum in electrical engineering, that had just been established 
and for which students were being admitted for the first time. The electri- 
cal engineering laboratory of the University was little more than the 
electrical section of the Physics laboratory of that day. ‘The little more 
just referred to was one direct-current generator invariably referred to as 
the Gramme dynamo that was built by Professor Wm. A. Anthony, the 
1890-1 President of the Institute. 

Professor Anthony visited France immediately after 1872 when Gramme 
had completed his direct-current generator, generally conceded to have been 
the first direct-current dynamo of an ample size to reveal its possibilities 
in the engineering industries. Professor Anthony visited Gramme, saw his 
generator, and on returning to Cornell immediately set about to construct 
a replica thereof. It was completed in 1874 and exhibited just a half cen- 
tury ago at the Centennial in Philadelphia. Curricula in electrical engi- 
neering at Columbia, Cornell and other universities were announced some- 
what less than ten years after the Centennial. 

Anthony’s Gramme dynamo was given at Philadelphia an award of merit 
for its novelty and enterprise. It was placed in the historical exhibit at the 
Chicago International Exposition only 17 years later, and was given an 
award for its historical merit. I was a member of another section of the 
Chicago World’s Fair jury and had nothing to do with the award of histori- 
cal merit for ““Anthony’s Old Gramme.’’ However, I shall never forget the 
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deep impression that the award made upon me. Even then after only 17 
years of progress in our country the dynamo had become one of the great 
implements of our civilization. The lesson of the extraordinary progress 
that the electrical sciences and arts were making, was inescapable. 

I had up to the time of the Paris Exposition in 1889 encountered the then 
traditional attitude of mind that dwelt much upon the historical background 
of things from out of which one looked with anticipation of few out-and-out 
new expediencies and implements arriving at a slow rate as always. 

But the extraordinary personal exhibit of Edison at the Paris Exposition 
of 1889 began to change all that sort of thing for me as it did for a host of 
others of my generation and the Chicago 1893 award to Anthony’s Old 
Gramme finished the change of mind for me, as I know it must have for 
many others. From that time to this I have belonged to the group that 
with all the persistence and enthusiasm its individuals can muster has held 
steadily to the purpose of finding out about things from the depths of the 
unknown; of opening up new seams in the face of the rock that must be 
penetrated to know what is within and beyond. 

Attitude of mind is an enormous factor of human progress—and progress 
there must be, so long as human beings will hold the option of changing this 
old world from what it is to what it ought to be. 

In the fourth year of the Institute I began my work as a faculty man at 
my alma mater. I soon found the real meaning and value of the American 
Institute of Electrical Engineers to all in the electrical arts and sciences. 
I found that I was wholly unprepared to assist my students effectively to 
an understanding of things without end, encountered everywhere; par- 
ticularly was this so as matters stood in that day, for the transformer in 
the alternating-current circuit and the armature reaction effects in the con- 
tinuous current machine. The alternating-current system for economic 
incandescent lighting so well suited for the needs of the new rapidly growing 
American towns and cities had been introduced three years before, 1. e., 
in 1885-6 and its use was being extended rapidly. 

With the aid of a friend of my student days, Ernest Merritt, past-presi- 
dent of the American Physical Society, I worked through the summer of 
1889 upon the problem by systematic measurement upon a particular trans- 
former in sufficient detail to meet our requirements for teaching. The work 
was done at Buffalo, New York, through the courtesy of C. R. Huntly, 
Executive, and H. H. Humphreys, Engineer, of a lighting company of that 
city. We selected for our specimen a 10-light, 2000/50-volt, 133-cycle 
transformer. 

Through Dr. E. L. Nichols, past-president of the Institute, I was invited 
to present a paper based upon our work on the transformer and the results 
obtained. The paper was duly prepared and presented at the December, 
1889, meeting of the Institute in New York City and was published in the 
Proceedings in January, 1890. Then to me the entirely unexpected thing 
happened. The paper interested most of the trained workers in the electri- 
cal.industries everywhere. It was republished seventeen times in America 
and Europe including Russia. From that time to this I have had friends 
everywhere throughout the electrical and related industries who have always 
wished me well and were ready with their helpful cooperation at all times. 
It was to me in relation to the Institute a wonderful lesson in many ways, 
particularly in two: 

I. The vatue of getting at the facts singly and in their aggregate 
relation concerning phenomena and equipments for which uses are being 
found in the industries. 

If. The extraordinary value of the American Institute of Electrical 
Engineers to its individual members and the electrical industries they 
promulgate. 

The direct-current dynamo was put forward by the Italian Paccinoti in 
1864 and first developed for engineering duty as already stated by the 
Frenchman, Gramme,in 1872. lLikeevery great implement upon which our 
civilization is today established and maintained, the direct-current dynamo 
arrived as a.product of the minds and industry of Paccinoti and Gramme 
complete in a sense and highly useful, but little understood as to details 
and as to their relation to the aggregateresult. The lack of adequate knowl- 
edge of such details individually and collectively was a great handicap in 
education and for the progress of the art. To understand this one needs 
only to go back to the many distortions of the rational forms of continuous 
current machines that were put forward in many illusory efforts to make 
improvements nearly forty years ago. 

With the aid of my students we began in 1892 a series of studies of com- 
mutation and characteristic behavior in relation to the shape of poles, 
length of air-gap and related factors. The results clearly indicated the 
helpfulness of the pole-face winding and commutating pole as they are now 
known. We were not the only persons to discern these helpful results, 
though we did enjoy with others the privilege of pioneering in these things. 
The final approach to perfection of the continuous current machine was not 
feasible in ‘‘the late nineties.’’ That approach has been quite dependent 
upon the arrival of a good working understanding of polyphase current 
circuits. : 

The continuous current machine in recent years has rounded out its 
first great cycle of development. When,in America, it will enter upon its 
obvious second cycle, or better, its second round on its spiral of evolution, 
cannot today be foreseen. It is assuredly worth while for some engineers to 
remember always the wealth of expediency now available for such second 
round of evolution of this form of generator or motor. Should long distance 
transmission of power ever demand the use of the constant continuous 
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current generator and motor, there will be found a veritable mine of dis- 
cernible expediency for evolving its success. 

A third of a century ago from a faculty man’s point of view, that of 
helpfulness to his students, I began the study of high voltage phenomena 
by constructing an oil immersed 30,000-volt transformer. The first de- 
cisive experimental result with it was soon obtained. It ‘“‘burned out’’, 
but why, one could not tell. The most significant thing about the tragedy 
was a large smoke bubble that came to the surface of the dark heavy oil 
that was generally used at this time for insulating transformers. That was 
in 1893. During the following year we rebuilt it, using air in lieu of oil 
for immersion so that if it burnt out again we could see the fire and perhaps 
learn something of the cause. We kept the same core and coils and rebuilt 
the transformer the sixth time in 1899, air immersed and to have an output 
of 10 kw. at 90,000 volts, 133 cycles. The major insulation between the 
high and low voltage circuits was made by the Corning, New York, Glass 
Works of refractory glass. Each of the 30 high voltage coils was equipped 
with a 6000-volt non-arcing spark arrester. After that the transformer 
rendered satisfactory service at my alma mater through many years. It 
is a trivial incident in the telling but it made a real beginning for me as a 
high voltage worker. 

In 1897 we learned through the pioneer high voltage studies of past 
Presidents Chas. F. Scott and Ralph D. Mershon, that at 40,000 volts, more 
or less dependent upon a variety of obscure factors, the electric current 
would escape into the atmosphere and a serious waste of power would 
in consequence occur. 

The success of the long distance transmissions of power in’ the far west 
and from Niagara Falls to Buffalo caused a large division of the electrical 
engineers to set out upon the route that led to the establishment of the 
modern power industry. This division was directed on the right and left 
by the economic guidance of Kelvin and Sprague. The former asserted that 
the transmission of power is accomplished most economically when the exis- 
tence and lost costs of the transmission conductor are equal. The latter 
asserted that economy in electrical power transmission varied directly as 
the voltage and inversely as the distance. 

The discovery of Scott and Mershon that at a comparatively low voltage 
electric power would escape from the power transmission line sent a strong 
mental shock to this power division. As a faculty man greatly interested 
in the welfare of students preparing for service in the power division, I 
felt the shock keenly. For the cause of those students there was but one 
thing to do and that was to get at all the material facts as quickly as possible 
and then to study them for strategy in action. By February 1904, we 
had some of the facts and their relations well enough in hand to present a 
paper to the Institute that was received everywhere by the power division 
in such a whole-hearted manner of appreciation that I could not do otherwise 
than hope to have the privilege of being its permanent recruit. 

I must interrupt this narrative in regard to my contacts as a faculty man 
with those who are establishing the power industry to say that through brief 
but highly appreciated years I have seen and enjoyed detached services in 
the large division of communication. In so doing I cooperated with those 
of my students who established the arc converter system of continuous 
wave radio telegraphy at home and abroad. My war work in the Super- 
sonica Laboratory of the National Research Council, the purpose of which 
was aid of the allies in the perfection of the echo method for submarine 
defence, netted an experience in mechanical radio that has been highly 
valuable because of the many uses I have found for the same’ in my work 
with students. Thus it has been that I have learned abundantly in both 
the power and communication divisions of the electrical industries how 
enormously welcome a faculty man is to ask the privilege of camaraderie 
if he will but play the game right-mindedly. He must remember that he 
is a faculty man at all times and see to it that he is acting as such and: that 
he is not acting to replace an engineer on the firing line of practise. 


Dr. Ryan then showed some interesting lantern views of the 
new 2,000,000-volt laboratory at Stanford University, where 
further high voltage researches will be conducted. 

The ceremonies ended with a brief address by Mr. H. T. Plum 
concluding with the following sentiment addressed to Dr. Ryan: 
“For your achievements as teacher, engineer and scientist, 
WE HONOR YOU! For your sincerity, devotion, humility and 
service, WH LOVE YOU!” 


Regional Meeting in New York 
NOVEMBER 11, 12, 1925 


The two-day regional meeting to be held in New York City 
on November 11 and 12 will have three very instructive technical 
sessions and other features of much interest. The technical 
papers will cover the subjects of a-c. distribution networks, 
illumination and communication. There will be a lecture by a 
well-known speaker on the evening of November 11. A number 
of inspection trips are arranged for the afternoon of the same day. 
In order to allow for informal association of members, buffet 
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luncheons will be held if possible on each day of the meeting. 
Also, a dinner is being planned for Thursday, November 11. 

Headquarters for the meeting will be Engineering Societies 
Building, 33 West 39th Street, New York, where all events will be 
held with the exception of the dinner. , 

Further announcements will be mailed to all members in ter- 
ritory surrounding New York. It is urged that all who will 
attend notify Institute headquarters in advance by means of the 
card which will accompany the announcement in order that 
estimates may be made of the attendance, particularly at the 
luncheons and the dinner. 

The following tentative program will give the general informa- 
tion on the meeting, though it is possible that some changes will 
be made later. 

The general committee in charge of the meeting is as follows: 
H. A. Kidder, Chairman; O. B. Blackwell, H. V. Bozell, W. A. 
Del Mar, G. L. Knight, E. B. Meyer and G. H. Stickney. 


TENTATIVE PROGRAM OF NEW YORK REGIONAL MEETING 
NOVEMBER 11 AND 12, 1926 


Tuurspay Morninc—DIstrisutTion SESSION 

Recent Progress in Distribution Practise, J. F. Fairman and R. C. 
Rifenburg, Brooklyn Edison Company. 

Combined Light and Power Systems for A-C. Secondary Networks, 
H. Richter, Westinghouse Electric & Mfg. Co. 

Evolution of the Automatic Network Relay, J. S. Parsons, Westing- 
house Hlectric & Mfg. Co. : 

Operating Requirements of the Automatic Network Relay, W. R. 
Bullard, Electric Bond & Share Company. 


A-C. Network Relay Characteristics, D. K. Blake, General Electric 


Company. 
TuurRspDAY Noon 
Buffet Luncheon. 
THurspAaAy AFTERNOON 
Inspection Trips. 
TuHuRSDAY EVENING 
Dinner 
Lecture by Prominent Scientist. 
Fripay Morninc—ILuuMINATION SESSION 
Remote Control of Multiple Street-Lighting Systems, W. S. 
Dempsey, New York Edison Company. 
Lighting of Railway Classification Yards, G. T. Johnson, New 
York, New Haven & Hartford R. R. 
The Induction Lamp, A New Source of Visible and Ultra Violet 
Radiation, T. KE. Foulke, Cooper-Hewitt Electric Company. 


Fripay Noon 
Buffet Luncheon. 
Fripay ArTERNOON—COMMUNICATION SESSION 
Frequency Measurements with the Cathode-Ray Oscillograph, 
F. J. Rasmussen, Bell Telephone Laboratories, Inc. 
A Shielded Bridge for Inductive-Impedance Measurements, 
W. J. Shackelton, Bell Telephone Laboratories, Inc. 
Radio Broadcast Coverage of City Areas, L. S. EHspenschied, 
American Telephone and Telegraph Company. 


New York Section Meeting October 8 
LECTURE ON FLAMES OF ATOMIC HYDROGEN 


On the evening of Friday, October 8, 1926, the members of 
the New York Section will have the pleasure of hearing Dr. 
Irving Langmuir of the Research Laboratories, General Electric 
Company, describe ‘““Atomie Hydrogen Are Welding,’’ recently 
developedby him. Dr. Langmuir’s work, originating some fifteen 
years ago in a theoretical investigation of the heat loss of tungsten 
filaments of incandescent lamps in a hydrogen atmosphere, 
has now been applied in a different field—the development of 
a new method of welding. .In brief, a stream of hydrogen is 
passed between two electrodes, the heat of the arc breaking up 
the hydrogen molecules into atoms. These combine again a 
short distance in front of the are with the liberation of an enor- 
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mous amount of heat. Much higher temperatures are obtained 
than with usual welding methods and welding can be accom- 
plished without oxidation and without fluxes. Dr. Langmuir’s 
talk will be illustrated by extremely interesting slides and motion 
pictures. 

The meeting will be held in the Auditorium of the Engineering 
Societies Building, 33 West 39th Street, New York, N. Y., at 
8.15 p. m. on October 8, 1926. A cordial invitation to attend 
is extended by the New York Section to all interested in the 
subject. 


New York Electrical Society’s First Meeting 
to be on “*The Vitaphone’”’ 


On the evening of Wednesday, October 27, 1926, the New York 
Electrical Society will hold the first meeting of the year 1926-27. 
In line with the practise of the society to give to engineers and 
to the public rehable information on the most recent develop- 
ments in the engineering and scientific fields, the meeting of 
October 27 will be devoted to ‘‘'The Vitaphone.’ Much has 
appeared in the press relative to the recent application of this 
development on the New York stage. The complete story of 
the principles, development and operation of the vitaphone will 
be outlined to the members of the society and their friends in a 
popular talk by EH. B. Craft, executive vice-president, Bell 
Telephone Laboratories, Inc. Following Mr. Craft, the presi- 
dent of the Vitaphone Corporation, Mr. Walter Rich, will speak 
on educational and other possibilities. There will follow actual 
demonstrations of the vitaphone with the reproduction of selec- 
tions by famous stars. The meeting will be held in the Audi- 
torium of the Engineering Societies Bldg., 33 West 39th St., 
New York, N. Y. at 8.15 p. m. on Wednesday, October 27, 1926. 
A cordial invitation is extended to members of the A. I. HE. E. 
and others interested to be present as guests of the. New York 
Electrical Society. 


Philadelphia Convention of Civil Engineers 


The official program for the Philadelphia Convention of the 
American Society of Civil Engineers, Oct. 4-9, 1926 gives details 
of the various treats in store for those who attend. Seldom has 
the Society been privileged to present a more imposing schedule. 


Salient Features of Power and Mechanical 


Show 


Fifth National Exposition of Power and Mechanical Engi- 
neering, Grand Central Palace, New York, N. Y. 

Opening December 6 and continuing through December 11, 
1926; will open at 12 noon each day and close at 10:30 p. m. 

The Exposition performs the service of a great clearing house 
of latest information about important developments in power and 
mechanical engineering, as regards heat and power generating 
apparatus, hoisting and conveying equipment, power trans- 
mission equipment, machine tools, refrigerating machinery 
and heating and ventilating machinery. 

The American Society of Mechanical Engineers will hold 
its Annual Meeting in the Engineering Societies Building, 
29 West 39th Street, from December 6-9. The meeting of the 
American Society of Refrigerating Engineers will be held at the 
Hotel Astor from December 7-9. 

In the conduct of the Exposition the management will be as- 
sisted by an Advisory Board of outstanding consulting engineers 
and officers from The American Society of Mechanical Engineers, 
the American Society of Refrigerating Engineers, the American 
Society of Heating and Ventilating Engineers, the National 
Electric Light Association and. the National Association of 
Stationary Engineers. 
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Electrochemists to Discuss Electric Furnace 


Refractories 


The American Electrochemical Society will hold its fiftieth 
national meeting, at Hotel Washington, Washington, D. C., 
October 7, 8 and 9. An-elaborate program has been arranged 
by the local committee and preparations are being made for an 
unusually large attendance. 

Electrical engineers will be particularly interested in the 
Symposium scheduled for Thursday morning, October 8th, at 
Hotel Washington. The symposium will be in charge of Dr. 
H. W. Gillett, of the Bureau of Standards, an engineer of world- 
wide reputation and an inventor of electric furnaces and other 
electrical devices. The symposium topic is ‘Materials for Ex- 
treme Conditions in the Electrochemical Industries.” 

The first paper of the symposium is by Dr. H. J. French, 
Senior Metallurgist, Bureau of Standards, who will discuss the 
principal characteristics and typical applications of metals used 
industrially to resist high temperatures or corrosion. Dr. J. G. 
Thompson will report the findings of the Fixed Nitrogen Research 
Laboratory at Washington and will offer recommendations 
as to the best materials for the nitrogen fixation industry. 

The Carborundum Company, of Niagara Falls, have, during the 
last five years, carried out extensive tests on thermal insulation of 
electric furnaces and these tests will be reported on by Dr. M. L. 
Hartmann-and Mr. O. B. Westmont. Mr. F. A. J. FitzGerald, 
the well-known electric furnace engineer of Niagara Falls, will 
present a communication on recrystallized carborundum, or 
silicon carbide. 

The second half will be devoted to the refractory problem for 
the induction furnace which has been a more difficult one than 
the similar problem for the electric are furnace. Mr. Max Unger, 
of the General Electric Co., Pittsfield works, inventor of the 
General Electric Induction Furnace, will describe at length 
his researches that led up to the solving of this very difficult 
refractory problem. 

The Friday morning session will be devoted to papers on 
Mr. G. Prescott Fuller, engineer of the 
new Electrolytic Iron Plant at Niagara Falls, will deseribe the 
new process and product. 

‘Voltage Studies in Copper Refining Cells’”’ is the title of a 
paper by Colin G. Fink and C. A. Philippi. A paper of special 
interest is that by J. D. Edwards and C. S. Taylor on ‘*The 
Electrical Resistivity of Alaminum-Calecium Alloys.”” The last 
session of the meeting, Saturday morning, will be devoted to 
organic electrochemistry. 

Among the social features of the program is a visit to the 
Government Laboratories. On Thursday evening there will 
be an informal dinner at which Prof. W. D. Bancroft, of Cornell 
University, will discourse on *‘The Ramifications of a Research 
Problem.’ The formal address of the convention will be de- 
livered by Dr. Chas. Greeley Abbot, Director of the Smithsonian 
Observatory, at the National Academy of Sciences, on Friday 
evening, October 8th. The title of Dr. Abbot’s address is 
‘Solar Radiation.”’ 

At this same meeting, Honorary Membership in the American 
Electrochemical Society will be officially bestowed on Dr. 
Edward Weston, internationally known for his standard cell. 


Fall Meeting of American Welding Society 


One of the largest Welding Expositions will be held in con- 
nection with the Fall Meeting of the American Welding Society, 
Buffalo, N. Y., November 17, 18 and 19, 1926. This Exposition 
will show new developments in welding apparatus and supplies, 
and a unique feature will be an exhibit of a large variety of welded 
products. The Exhibit will open the day preceding the Annual 
Fall Meeting of the Society. Indications are that several 
thousand people will be in attendance at the various technical 
sessions, inspection trips, committee meetings and exhibits, in- 
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cluding representatives from all parts of the United States and 
Canada. 
Technical sessions include authoritative papers and discussions 
on ‘The Design and Development of Welding Apparatus,” 

“Organization of Weldme on the Railroads;”’ ‘‘Welding of 
Locomotive Parts; ‘‘Welding Science in the Engineering 
Curriculum oH Universities;”’ and ‘‘Are Welding in a Gaseous 
Atmosphere.’ 

An inspection trip has been arranged to Niagara Falls, and 
members of the society and their guests will view the Falls from 
the American side with a short inspection trip through the Niagara 
Falls Power House. This will be followed by a buffet supper on 
the Canadian side and then a special illumination of the Falls 
will be shown, returning to Buffalo late in the evening. 


Bituminous Coal Conference 


The Conference on Bituminous Coal to be held at the Carnegie 
Institute of Technology in Pittsburgh has been definitely 
scheduled for November 15 to November 19, 1926, according to 
an arnouncement from the institution. 

The purpose of the meeting, according to Dr. Thomas S. 
Baker, president of the Carnegie Institute of Technology, is to 
bring together the men of all countries who have done notable 
work in the study of more scientific and rational utilization of 
soft coal. Listed for discussion are such questions as the manu- 
facture of substitutes for gasoline from coal; the complete gasifi- 
cation of coal; high temperature and low temperature carboniza- 
tion; by-products; smokeless fuel; pulverized coal; hydro- 
electric power versus steam power, ete. 

Among the members of the Advisory Board assisting in the 
development of the conference plans are Andrew W. Mellon, 
Secretary of the United States Treasury; John Hays Hammond, 
engineer and inventor; Otto H. Kahn, banker; Charles M. 
Schwab, steel manufacturer; Samuel Insull, public utility 
leader; E. M. Herr, president of the Westinghouse Electric and 
Manufacturing Company; and Dr. Frank B. Jewett, vice- 
president of the American Telephone and Telegraph Company, 
and director of research of the Bell Telephone Research 
Laboratories. 


Standardization of Voltages Will Be a 
Winter Convention Topic 


The standardization of voltages, and particularly of high 
voltages, has received much attention from the electrical industry 
for the last two years. Various organizations have been studying 
this question and, as a result, a group of central-station oper- 
ating engineers, members of consulting. and management or- 
ganizations, electrical manufacturers and Huropean engineers 
has arranged for the presentation of papers on this subject at the 
coming Winter Convention of the A. I. E. E., February 7-10, 1927. 
The committee on arrangements, of which B. G. Jamieson is 
chairman, has prepared the following announcement of its plans. 

First, from a review made by the Apparatus Committee of the 
N. HE. L. A., it appears that the standard voltages for transformers 
established in 1922 are not well adapted to meet the present 
conditions and less than half of all the power transformers above 
200 kv-a. are being ordered in line with these standards. 

Second, the increasing number of interconnections which 
are taking place has focused attention on the subject of uni- 
formity of voltages, particularly in the high-pressure field. 

The study by the Electrical Apparatus Committee of the 
N. E. L. A., which included the data received from operating 
companies in answer to a questionnaire, indicated that a revision 
of the 1922 transformer-voltage standards must take into account 
not only the present operating voltage of systems, but the voltage 
ratings of generators, oil circuit breakers and other electrical 
equipment connected on the same system, and finally, the utili- 
zation voltage. 
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In order to focus the attention of the industry on this subject 
and arrive at some concrete recommendations, it is proposed to 
devote one of the regular sessions of the Winter Convention to 
the discussion of this subject. The papers presented at this 
meeting will cover the points of view of different groups in the 
electrical industry as well as the different requirements of the 
field served in different localities. The subject is of such far- 
reaching importance that foreign engineers will be brought into 
the discussion and present their view as they see it in their coun- 
tries; and the electrical manufacturers will present their view as 
to the effect of equipment on gee ee if new standardization 
can be made along this line. 

A tabulation was published in the N. E. L. A. Bulletin for 
September setting forth a proposed set of standard voltages 
for systems, generators, transformers, motors, and other electri- 
cal apparatus, all interdependent and fitting together in such a 
way that, with system voltages and apparatus voltages selected 
according to the proposed standards, a system will work under 
any reasonable condition of load and voltage drop. This was 
published as a foreword to the discussion of the Winter 
Convention. 

It is hoped that all engineers interested in this problem will 
be prepared to enter into the discussion at the Winter Convention, 
and if they will advise Institute headquarters, advance copies of 
the papers will be sent to them prior to the meeting. 


National Electrical Manufacturers 
Association 


The creation of a National Electrical Manufacturers Asso- 
ciation, consisting of 270 leading electrical interests, has been 
announced following the merging of the Electric Power Club, 
the Associated Manufacturers of Electrical Supples and the 
Electrical Manufacturers Council. Gerard Swope, President of 
the General Electric Company and Fellow of the Institute, has 
been elected President of the new association, with James 
William Perry, Treasurer. Mr. Perry is also a Member of the 
Institute. 

The general purpose of the new association is to advance the 
art and reliability of electrical equipment; specifically, to further 
the interests of makers of electric apparatus and supplies, engi- 
neering safety, transportation and other industrial problems; 
to promote the possible standardization of electrical apparatus. 
by the collection and dissemination of information of value to 
members of the electrical profession and to the public; to appear 
for legislative movements, before governmental bureaus and 
to create a spirit of wide cooperation for the betterment of 
electrical developments. 


Election of Officers of the A. I. E. E. 


The actions specified in the Institute’s Constitution and By- 
laws relative to the organization of a National Nominating 
Committee are being taken, and the meeting of the National 
Nominating Committee for the nomination of officers to be voted 
upon at the election in the Spring of 1927 will be held between 
November 15 and December 15. All suggestions for the consid- 
eration of the National Nominating Committee must be received 
by the Secretary of the Committee at Institute headquarters, 
New York, not later than November 15. 

The sections of the Constitution and ae governing these 
matters are quoted below: 


CONSTITUTION 


28. There shall be constituted each year a National Nominating Com- 
mittee consisting of one representative of each geographical district, elected 
by its Executive Committee, and other members chosen by and from the 
Board of Directors not exceeding in number the number of geographical 
districts; all to be selected when and as provided in the By-laws; The 
National Secretary of the Instirure shall be the secretary of the National 
Nominating Committee, without voting power. 
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29. The executive committee of each geographical district shall act as a 
nominating committee of the candidate for election as Vice-President of 


that district, or for filling a vacancy in such office for an unexpired term, 


whenever a vacancy occurs. 

30. The National Nominating Committee shall receive such suggestions 
and proposals as any member or group of members may desire to offer, 
such suggestions being sent to the secretary of the committee. 

The National Nominating Committee shall name on or before December 
15 of each year, one or more candidates for President, Treasurer and the 
proper number of Managers, and shall include in its ticket such candidates 
for Vice-Presidents as have been named by the nominating committees 
of the respective geographical districts, if received by the National Nominat- 
ing Committee when and as provided in the By-laws; otherwise the 
National Nominating Committee shall nominate one or more candidates 
for Vice-President (s) from the district (s) concerned. 


BY-LAWS 


Sec. 21. During September of each year, the Secretary of the National 
Nominating Committee shall notify the Chairman of the Executive Com- 
mittee of each Geographical District that by November Ist of that year the 
Executive Committee of each District must select a member of that District 
to serve as a member of the National Nominating Committee and shall, 
by November 1st, notify the Secretary of the National Nominating Com- 
mittee of the name of the member selected. 

During September of each year, the Secretary of the National Nom- 
inating Committee shall notify the Chairman of the Executive Committee 
of each Geographical District that by November 15th of that year a nomina- 
tion for a Vice-President from that District, made by the District Executive 
Committee, must be in the hands of the Secretary of the National Nominat- 
ing Committee. 

Between October 1st and November 15th of each year, the Board of 
Directors shall choose five of its members to serve on the National Nominat- 
ing Committee and shall notify the Secretary of that Committee of the 
names so selected,and shall also notify the five members selected. 

The Secretary of the National Nominating Committee shall give the 
fifteen members so selected not less than ten days’ notice of the first m2eting 
of the committee, which shall be held not later than December 15th. At 
this meeting, the committee shall elect a chairman and shall proceed to make 
up a ticket of nominees for the offices to be filled at the next election. All 
suggestions to be considered by the National Nominating Committee must 
be received by the Secretary of the committee by November 15th. The 
nominations as made by the National Nominating Committee shall be 
published in the January issue of the A. I. BE. E.,Journat, or otherwise 
mailed to the Insrirurre membership during the month of January. 


F. L. Hurcuinson, 
National Secretary 


George Westinghouse Memorial 
Committee Appointed 


A committee chosen from among executives of the Westing- 
house corporations has been named to represent the enterprises 
founded by George Westinghouse in the work of erecting a 
memorial to him in Schenley Park, Pittsburgh, Pa. to perpetuate 
esteem for his life and work. 

The committee consists of A. L. Humphreys, president of \the 
Westinghouse Airbrake Company, chairman; EH. M. Herr, 
president of the Westinghouse Electric and Manufacturing Com- 
pany; F. A. Merrick, vice president of the Westinghouse Electric 
and Manufacturing Company, and John F. Miller of the West- 
inghouse Airbrake Company, vice chairman. 


TMU 


AMERICAN ENGINEERING COUNCIL 
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= 


PITT 
MEETING OF ADMINISTRATIVE BOARD 
The Administrative Board of the American Engineering 


Council will meet at Ithaca, N. Y., November 11 and 12. Re- 
ports will be received from numerous committees which have 
beenfactive during the summer. Among the topics in the 
large agenda which is being prepared are safety and production, 
registration of engineers, government reorganization, and 
jurisdictional strikes in the building industry. Dean Dexter 
S. Kimball of Cornell University, the president of the Council, 
will preside. 


NATIONAL SURVEY TOWARD INDUSTRIAL SAFETY 
Charles W. Lytle, Director of Industrial Cooperation of the 
Engineering College at New York University, has been appointed 


’ 


INSTITUTE AND RELATED ACTIVITIES 


1047 


to direct field investigations in New York as a part of a nation- 
wide survey by the American Engineering Council, which seeks 
to check the growing number of industrial accidents in this 
country. 

Two thousand industrial plants will be investigated by the 
engineers under the direction of a main committee headed by 
A. W. Berresford of Detroit, Past president of the Institute, 
with a view, according to the President of the Council, Dean 
Dexter S. Kimball of Cornell University, of getting to the bottom 
of the whole problem of accident prevention. 


Industrial Accidents Discussed 


The thirteenth annual meeting of the International Associa- 
tion of Industrial Accident Boards and Commissions will be held 
at Hartford, Conn., September 14-15, it was announced Sep- 
tember 8 by the Bureau of Labor Statistics. The association is 
made up of State and city organizations’ representatives. : 

Ethelbert Stewart, United States Commissioner of Labor, will 
attend as representative of the Department of Labor. He also 
is secretary-treasurer of the association, the sessions of which will 
be held in the hall of the House of Representatives, in the State 
Capitol at Hartford. 

The meetings will be addressed by many of the leading authori- 
ties on industrial accident prevention. Special attention will be 
given to medical problems that may be made to assist industrial 
workers. 


Would Standardize Motor Vehicles for 


Government 


Announcement of an inquiry into the possibility of standard- 
izing motor propelled vehicles for use by the Government was 
made in the annual report of the Federal Specificdtions Board. 
The work will be started by a preliminary technical committee. 

The committee was instructed to study the question of motor- 


‘vehicle standardization from the standpoint of saving in replace- 


ment and repair as well as the utilitarian possibilities of a 
standard machine being used by every branch of the Government. 

In addition to this committee, others were created to study 
standard specifications for such things as foundry equipments and 
supplies, machinery and commercial wire. The report also dis- 
closed that 114 master specifications for Government supplies 
were promulgated during the last fiscal year. 
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M. Merwin EHeuzs has resigned} from his position as re- 
search engineer for the Western Coil and Electrical Company of 
Racine, Wisconsin, to become chief engineer of the Buckwalter 
Radio Corporation of Chicago. 

A. Barnetr Green, formerly of Murrie & Co., Appraisal 
Engineers and the Electrical Division of the New York Muni- 
cipal Railway Corporation, has opened an office in the Marbridge 
Building, 1328 Broadway, New York City for the editing of 
engineering matter, compiling of data and the writing of ad- 
vertising copy. 

Docror Epwarp Weston, Past President and Charter 
Member of the Institute, will have Honorary Membership in 
American Electrochemical Society bestowed upon him at their 
October Sth meeting, Hotel Washington, Washington, D. C. 
Doctor Weston, in 1875, established in Newark, N. J., the first 
factory in America devoted exclusively to dynamo electric 
machines. He is also the inventor of the Weston Measuring 
Instruments and holds several patents on electric lighting and 
other electrical devices. 

Burcu Foraker, for many years with the New York Tele- 
phone Company, and ultimately serving it as General Manager, 
has recently removed to Detroit to become President of the 
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Michigan Bell Telephone Company, as successor to the late 
Judge Franz C. Kuhn. 

Gxrorcr M. Barns, who has been Manager of the Central 
Station Division of the Westinghouse Electric & Mfg. Co., 
Boston, Mass., has been chosen as District Manager of the new 
Boston office opened by the American Brown Boveri Electric 
Corporation. Mr. Bates had been with the Westinghouse 
Company since 1898. . 

Yasupiro Saxatr, Consulting Engineer and Member of the 
Institute, announces the opening of a new office in Room 465, 
Marunouchi Bldg., Tokio, Japan. Mr. Sakai is a patent 
expert and is specially equipped to handle applications for 
Japanese ‘‘Letters Patent’”’ and trade mark registrations. 

Cart GrorGE SCHLUEDERBERG, previously assistant to the 
manager, Supply & Merchandising Depts. of the Westinghouse 
Elec. & Mfg. Co., East Pittsburgh, Pa., has been appointed 
General Manager of the George Cutter Company, South Bend, 
Ind. Mr. Schluederberg is a member of the N. H. L. A., the 
American Chemical Society, the American Electrochemical 
Society and the American Institute of Electrical Engineers. 

Epwarp E. Hint, who has for some time been assistant 
superintendent in the Meter Dept. of the New York Edison has 
been advanced to Manager of the Meter Dept. Mr. Hill has 
been a member of the Institute since 1916 and is at present vice- 
chairman of the National Meter Committee, Engineering 
Division of the National Light Association as well as chairman of 
their Engineering Division of the Metropolitan New York Section. 
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Obituary 


Charles Hampton Bedell, born Dec. 18, 1861, Lynn Co., Ia., 
died at his home, New London, Conn., Sept. 2, 1926. 

In 1888 he became head of the Research Laboratory of the 
Electro Dynamic Co. of Philadelphia, and remained with them 
in that capacity until 1909. He then joined the Electric Boat 
Co., Groton, Conn., with whom he was up to the time of his 
death. In 1887 he received the degrees of B. S. and A. M. 
from Haverford College also taking one years electrical course at 
John Hopkins University. 

Mr. Bedell joined the Institute in 1903. 


James Warren McCrosky, 57 years old, died in Pasadena, 
California, July 20, 1926. From 1896 to 1902 he was engaged in 
engineering work in Argentina, where he designed, constructed 
and operated the first commercial electric railways and the first 
hydroelectric plant in that country. From 1902 to 1914, he was 
in London with J. G. White & Company, Ltd., doing engineering 
work and negotiating contracts. During the World War he 
served as one of the six members of the Contraband Committee 
of the War Trade Board. After the War he spent five years with 
the Bankers Trust Company, as manager of the Foreign Trade 
Department, retiring from business in 1924. He was a Fellow 
of the American Institute of Electrical Engineers, a member of 
the Engineers Club of New York and the Bankers Club{of 
America, and of the Pan-American Society. 
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The library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


ical Engineers. 
library of engineering and the allied sciences. 
most of the important periodicals in its field. 
ninth St., New York. 


It ts administered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 160,000 volumes and pamphlets and receives currently 
It is housed in the Engineering Societies Building, 29 West Thirty- 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library ts 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 


America. 


A rental of fie cents a day, plus transportation, is charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may 


understand clearly what is desired. 


The library is open from.9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to & p. m. 


BOOK NOTICES (AUGUST 1-31, 1926) 

Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Society does not assume responsi- 
. bility for any statement made; these are taken from the preface 
or the text of the book. q 

All books listed may be consulted in the Engineering Societies 
Library. 

ABROSTATICS. 

By Edward P. Warner. 
(Ronald aeronautic library). 
$3.25. 


A textbook based upon the first part of a course in the theory 
of airship design given at the Massachusetts 
of Technology. 


N. Y., Ronald Press Co., 1926. 
112 pp., diagrs., 9 x 6 in., cloth. 


AIRCRAFT PowrerR Puants. 

By Edward T. Jones and others. 
1926. (Ronald aeronautic library). 
9x6in., cloth. $4.25. 


This book is not intended so much for those engaged in 
building or operating engines, as for designers of aircraft, who 
need to know something of the characteristics of the power 
plants in order to adapt them to the structures they design, 
and for pilots who need knowledge of the engine to operate their 
craft successfully. The book discusses the various types of 


N. Y., Ronald Press Co., 
208 pp., illus., diagrs., 


Institute: 


heat engines from a thermodynamic point of view, pointing out 
the advantages and disadvantages of each and the factors that 
affect performance. Propellers are treated in the same fashion. 
The concluding section treats of water ballast recovery. 


CALCULUS: 


By Herman W. March and Henry C. Wolff. 2nd edition. 
N. Y., McGraw-Hill Book Co., 1926. 398 pp., 7 x 5 in., cloth. 
$2.50. 


An elementary textbook for beginners who are students of 
science or technology. The authors have endeavored, while 
developing the fundamental processes of the calculus, to place 
the emphasis upon the mode of thought and to show how this 
mode of thought fits naturally into the expression and derivation 
of scientific laws and of natural concepts. This method of 
presentation will lead the student, they hope, to continue to 
apply these fundamental modes of thinking throughout his 
career, even though he may forget the details of the subject. 


CoNnQUESTS OF ENGINEERING. 


By Cyril Hall. Lond., Blackie & Son, Ltd., [1926]: 288 pp., 
illus.,8x5in., cloth. 3s 6d. 


_ Bridges, tunnels, canals, lighthouses and docks are the works 
discussed in this popular account of civil engineering. The 
author writes in interesting fashion of the way in which these 
works are designed and built and tells the story of some famous 
examples. Intended for the general reader. 


Oct. 1926 


Dixset Enaines: Marine—Locomotive—Stationary. 
By David Louis Jones. 
1926. 565 + 39 pp., illus., diagrs., 9 x 6 in., cloth. $5.00. 


_ A manual for operators of Diesel engines, prepared by the 
instructor in the Diesel engine department of the U. S. Navy 
Submarine School. Keeping in mind the class for which he 
writes, the author devotes but little time to theoretical principles, 
thermodynamic considerations, etc., but gives most of his at- 
tention to the actual construction and the operation of the 
various parts of commercial engines, to advice on operation and 
to descriptions of typical engines. The book should be helpful 
to all in charge of Diesel power plants. 


ELEKTRISCHE SCHALTVORGANGE. 
By Reinhold Rtdenberg. 2nd edition. Berlin, Julius Springer, 
1926. 510 pp., illus., diagrs., 10x 7in., cloth. 24r. m. 


An exhaustive discussion of the phenomena that accompany 
switching operations and of the disturbances that they cause in 
heavy-current lines. Dr. Riidenberg, who is chief electrician 
of the Siemens-Schuckertwerke, takes the various kinds of cir- 
cuits, one by one, and the switching operations to which 
each may be subjected, and deals fully with the mathe- 
matical theory of the phenomena that-occur. 

This edition is much the same as the first, but small errors have 
been corrected, the bibliography completed through 1925 and an 
index added. 


Dir FERNSPRECHANLAGEN MIT WAHLER-BETRIEB. 

By Fritz Lubberger. 3rd edition. Mun. u. Ber., R. Olden- 
bourg, 1926. 277 pp., plates, 10 x 7 in., paper. 11,-mk. 

A systematic discussion of the problems involved in the 
construction of an automatic telephone system, the possible 
methods of solving them and the advantages and disadvantages 
of these various possibilities. The discussion is limited to 
technical phases of the subject, economic questions being left 
for a separate treatment. The six leading commercial systems 
are described in detail. 


Les Fittres ELECTRIQUES. 

By Piere David. Paris, Gauthier-Villars et cie., 1926. 
pp., diagrs., tables, 10x 7in., paper. 25 fr. 

The first part of this treatise endeavors to recapitulate, in a 
new way, the essential points of the theory of electric filters. 
His work is intended especially to make available to French 
electricians the results obtained by American investigators, 
particularly those connected with the Bell system. The second 
part treats of practical matters. In it the theoretical results 
are grouped so as to facilitate practical application of filters to 
various purposes. 
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Hanpgook or Non-Frrrovus Merauiurey. 

By Donald M. Liddell, Editor-in-Chief. N. Y., McGraw- 
Hill Book Co., 1926. 2 vols., illus., diagrs., tables, 9 x 6 in., 
cloth. $12.00. 

This handbook will be valued by engineers and metallurgists 
who wish a concise account of modern metallurgical methods, as 
well as by students. Hach topic has been handled by an author 
acquainted with it through experience. : 

The first volume treats of processes and materials that are 
common to all metallurgical operations. It contains chap- 
ters on crushing and grinding, sampling, screening, classification, 
concentration, dewatering, fuels, refractories, briquetting, power 
plants, plant materials, plant layout and electric furnaces. In 
volume two a chapter is devoted to the metallurgy of each metal. 


HypRroutocy aND GRoUND WATER. 
By J. M. Lacey. Lond., Crosby Lockwood & Son, 1926. 
159 pp., diagrs.,9x6in., cloth. 12s 6d. 


The want of a comprehensive work on hydrology, ground 
water and surface flow, has induced the author to compile 
this work. It is intended to aid engineers engaged in schemes 
for water works, irrigation or drainage. 


INTERNATIONAL COriticAL Tastes or Numerican Data, 
Puysics, CHEMISTRY AND TECHNOLOGY. 

Prepared under the auspices of the International Research 
Council and the National Academy of Sciences by the National 
Research Council of the United States of America. Ist edit. 
N. Y., McGraw-Hill Bk. Co., 1926. 415 pp., diagrs., 11 x 9 in., 
cloth. $60. 

This book, the result of the cooperative work of many special- 
ists, gives the values for physical and chemical constants which 
they have selected as the ‘‘best’’ values, from the great mass of 


INSTITUTE AND RELATED ACTIVITIES 


N. Y., Norman W. Henley Publ. Co., . 


1049 


determinations recorded in scientific and technical literature 
before the year 1924. It selects, in each case, the value that 
appears most worthy of credence and makes it available readily. 

The need for such a reference book has long been obvious. 
The seeker after data, who has usually been confronted by 
several values, with no means of criticizing their relative ac- 
curacy, will be much relieved to have a selected figure which has 
the stamp of authority. The book is a necessity to every 
laboratory and scientific library. 

In a sense, the work supplements the ‘‘International Annual 
Tables of Constants.’ It removes the necessity of examining all 
the volumes of the latter in most cases, by giving immediately 
the prepared value. 


Kran- UND TRANSPORTANLAGEN FUR 

WerrFt-, UND WERKSTATTBETRIEBD. 

By C. Michenfelder, 2nd edition. Berlin, Julius Springer, 
1926. 683 pp., illus., diagrs., 11 x 8in., boards, 67, 50 mk. 


An extensive descriptive treatise on modern hoisting and 
conveying machinery, particularly as used in smelters, rolling- 
mills, shipyards and harbors. The work is intended to assist in 
the selection of equipment rather than to aid in design and 
therefore the text follows the course of operations in these various 
industries, explaining the problem of transportation at each 
operation and the ways by which it can be met. The book is a 
useful detailed description of current German practise, illus- 
trated with many photographs of machines and installations. 


Hourren-, Haren-, 


MatTHEMATICS ror ENGINEERS. 
By Raymond W. Dull. N. Y., McGraw-Hill Book Co., 1926. 
780 pp., 8x 5in., cloth. $5.00. 


The two sources to which the engineer turns for mathematical 
aid are the engineer’s handbook and the mathematical textbook. 

The first of these, Mr. Dull says, is too concise and incomplete to 
be satisfactory; the second is not well adapted to use for quick 
reference. 

The present book, prepared by a practising engineer, appears 
to be primarily intended as a convenient work of reference and 
as a means for reviewing various topics. The entire range of 
mathematics ordinarily used in engineering is traversed, the 
examples are worked out with greater fulness than usual and the 
text is arranged to facilitate ready understanding of each ques- 
tion. Graphical solutions are included and a considerable 
treatment of absolute and relative errors is given. 


Nortu MancHURIA AND THE CHINESE HASTERN RAILWAY. 

By I. A. Mihailoff, editor. Harbin, China, Chinese Eastern 
Railway, 1924. 454 pp., illus., maps, 12 x 9 in., fabrikoid. 
Price not quoted. 


A systematic account of industrial conditions in North 
Manchuria, prepared by the Economie Bureau of the Chinese 
Eastern Railway. Data are given on agriculture and forests, 
on the trade in grain, cattle, lumber and coal, on milling and 
manufacturing, on banking, currency, ete. Ways of communica- 
tion, especially the Chinese Eastern Railway, are described. 
The book contains many photographs. 


On THE MarauuurGy or IRON AND STEEL. 

By F. T. Sisco, Bengt Kjerrman and Birger EKgeberg. Amer. 
Soe. Steel Treating, Cleveland, Ohio. 1926. 193 pp., illus; 
$1 paper cover, $2 cloth binding. 

This book is a reprint of three papers presented before the 
American Society for Steel Treating recently, which attracted 
so much attention that there was a demand for their separate 
publication. Mr. Sisco’s discussion of the metallurgy of iron 
and steel constitutes nearly seven-eighths of the book; Dr. 
Kjerrman contributes 10 pages on Swedish steel practise and 
Dr. Egeberg adds 5 pages on electric steel melting. The reprint 
will be extremely useful to any one who wishes a brief, clear, 
and accurate statement of the general features of iron and steel 
metallurgy, especially to both technical and non-technical 
employees of steel companies who wish to obtain a better under- 
standing of the business they are engaged in. : 


PuororopocrapHy; a Manual of Photographic Surveying 
Methods. 

By Arthur Lovat Higgins. Cambridge, University Press, 
1926. 130 pp., illus., diagrs., plates, 8 x 5 in., cloth. $2.40. 
(Gift of Maemillan Co., N. Y.), 

The author has attempted to outline the essential principles 
of the operations of some of the best-known exponents of the 
photographie method and thus to produce a practical manual 
for surveyors and students. 
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Ports AND TERMINAL FACILITIES. 

By Roy S. MacElwee. 2nd ed., enl. N. Y., McGraw-Hill 
Book Co., 1926. 446 pp., illus., diagrs., 9 x 6 in., cloth. $5.00. 

The new edition of this work is actually, the author says, 
a new book, containing less than fifteen per cent of the original 
work. That portion of the older edition which dealt with the 
upbuilding of traffic through competitive ocean gateways now 
appears as a separate work entitled ‘‘Port Development,” 
while the volume before us discusses the construction and equip- 
ment of ports. : 

The book first discusses general matters, the characteristics 
of well coordinated seaports and wharf design. Equipment and 
arrangements for general cargo wharves and warehouses are 
deseribed in detail, after which attention is given to passenger 
terminals and facilities for handling ore, coal, liquids and grain 
in bulk. The concluding chapter discusses industrial harbor 
development. 


Lr Propueme AcTUEL DU CONDENSEUR A SURFACE. 

By A. Delas. Paris, Revue Industrielle, 1926. 22 
illus.,8 x 5in., paper. 5fr. 

Describes the results of recent researches which have increased 
the efficiency of surface condensers by rearrangement of the 
condenser tubes. These rearrangements have made it possible, 
at the Gennevilliers power plant, to suppress one-fourth of the 
tubes in certain of its condensers. 


PP-; 


Proprietes PHysiQuEs DES VAPEURS DE PrrroLn BT LES Lois 
DE Lnur HcoULEMENT. 

By Jean Rey. Paris, Dunod, 1925. 
tables, 9x 6in., paper. 8,50 Fr. 

The author has found it necessary, in connection with his 
professional work, to undertake an extensive investigation of 
the physical properties of kerosene. In this memoir he presents 
the results of his researches. ; 

In part one the numerical values he has obtained are used 
to determine approximately the law of variation, with the 
temperature or pressure, of the physical properties of kerosene: 
vapor tension, heat of vaporization, liquid density, specific 
heat, ete. The second part describes the apparatus used in the 
researches, and the application of the burners invented by the 
author to boilers and lighthouses. 


251 pp., diagrs., plates, 


RavDroactiviry. 

By George Hevesy and Fritz Paneth; trans. by Robert W. 
Lawson. Lond. & N. Y., Oxford Univ. Press, 1926. 252 pp., 
illus., diagrs., tables, 9x 6in., cloth. 15s. 

Hevesy and Paneth’s Radioactivity first appeared in the 
German language in 1923. Translations into Russian and 


Hungarian were published in 1924 and 1925, and now comes the 
present Hnglish version. This last is not a literal translation 


of the original work, but is essentially a new edition, for the: 


authors have incorporated in it the results of scientific.advances 
since the German edition appeared and have extended the bib- 
liographie references up to 1925. 

The book differs from the majority of those on the subject 
by being intended specifically for use as a textbook, a work which 
will give those having no preliminary knowledge of radioactivity 
an insight into the science at first hand. The subject matter is 
arranged from the didactic point of view, somewhat as is done in 
textbooks of physics and chemistry, the historical development 
of the subject being separated and outlined late in the book. 


Ratio CHart In Business. 

By Perey A. Bivins. N. Y., Codex Book Co., 1926. 
pp., charts, 8 x6in., cloth. $3.00. 

A clear, detailed description of the methods of making ratio or 
logarithmic charts and thorough explanation of many of its 
applications in industry and business. The author treats the 
subject in simple language, readily understood by those un- 
familiar with the subject, and the book should do much to 
popularize this valuable method. 


rr 


Les Reserves D’ ENERGIE. 
By M. Rigaud. Paris, Gauthier-Villars & cie., [1926]. 295 
pp.,8x5in., paper. 30 fr. 


Discusses, from a broad viewpoint, the possible sources of 
energy and present utilization of them. Beginning with the 
kinetic energy of the earth and the utilization of tidal power, 
the author then considers the internal energy of the earth. 
Radient energy from the sun is discussed, with its indirect 
utilization by winds and direct utilization by falling water. 
Turning then to mineral fuels, the winning and use of coal and oil 
are treated. 


INSTITUTE AND RELATED ACTIVITIES. 


Journal A. I. E. E. 


Scipnce or Fricur aNp Irs Practican Appuication, Vol. 1; 


Airships and Kite Balloons. 

By P. H. Sumner. Lond., Crosby Lockwood & Son, 1926. 
168 pp., illus., diagrs., tables, 9x 6 in., cloth. 16s. 

After an introductory chapter on the British air policy, Captain 
Sumner takes up successively the principles of aerostatics, the 
general construction of the dirigible, the airship in flight, the 
types of airships and their performances, and kite balloons. 
The book, which is the first of two volumes on the general sub- 
ject of flight, is devoted to buoyant airships. It is based on the 
author’s long experience in airship construction in the Air 
Ministry. 

TABLES ANNUELLES DE CONSTANTES ET DONNEES NUMERIQUES 
pE CHIMIn, DE PuysiquE ET DE TrecHNoLoacig. Vol. 5, 
pt. 2, 1917-1922. 

Publiées sous le patronage de l’Union de Chimie pure et 
appliqué. Paris, Gauthier-Villars et cie, Cambridge, Eng., 
Cambridge University Press; Chicago, Univ. of Chicago Press. 
1926. 1130 pp.,11x9in., cloth. $25.00 (pts. land 2). _ 

A new-volume of this indispensable collection of chemical and 
physical data, containing tables showing those recorded during 
the years 1917-1921. ; ‘ : 

With the publication of this volume, the interruption caused 
by the war has been made up. A volume covering the years 
1924 and 1925 will probably appear early next year, and it 1s the 
hope of the Committee soon to make the publication again an 
annual. 


THERMODYNAMICS AND CHEMISTRY. 

By F. H. Macdougall. 2nd edition. N. Y., John Wiley & 
Sons, 1926. 414 pp., tables, 9x 6in., cloth. $5.50. 

A textbook for advanced students of chemistry, which aims to 
give an accurate, logical and sufficiently rigorous exposition of 
thermodynamics, with numerous examples of the application of 
the principles to their work. The new edition is enlarged and 
partly rewritten. 


THEORY AND PRAcTISE OF Rapio FREQUENCY MEASUREMENTS. 

By E. B. Moullin. Lond., Charles Griffin & Co.; Phila., 
J. B. Lippincott Co., 1926. 278 pp., diagrs., tables, 9 x 6 in., 
cloth. 25s. 

The author has aimed to write a work that will serve as a 
handbook for use and reference on the laboratory table while 
measurements are in progress. It will also be usable as a text- 
book for advanced students. ; 

The subjects covered are the measurement of potential 
difference, current, frequency, resistance, capacity, inductance, 
antenna characteristics, and the intensity of radiated fields. 
The book is based on the experience of the author and the iso- 
lated papers scattered through the scientific journals. It is, 
the author believes, the first book devoted entirely to the subject. 


TRANSPORT AVIATION. 

By Archibald Black. N. Y., Simmons-Boardman Pub. Co., 
1926. 245 pp., illus., tables, 9 x 6 in., cloth. $3.00. 

A discussion of the various problems connected with com- 
mercial aviation. The author describes present developments 
here and abroad and studies the possibilities of the airplane 
as a means of transportation. He discusses the influence of 
design upon the cost of operation, general requirements of 


_ airplanes for commercial use, the design of passenger and freight 


airplanes, airways, landing fields and the organization of air lines. 
Cost data are scattered through the book. 


UBeErR pir WauL Hints GaASwERKSOFENSYSTEMS. 

By L. Litinsky. Halle (Saale), William Knapp, 1926. 29 
pp., ilus., 10x 7in., paper. 1,50 r. m. 

In selecting the generators for a gas works the problem is 
to choose the type that will produce gas at the lowest cost per 
cubic foot, but many factors enter into the decision as to what 
constitutes the most economical equipment. The present 
pamphlet analyzes the various alternatives before the designer 
and points out the relative merits of each. 


L’Untron D’Evecrricire. ; 

By H. Bres. Paris, Revue Industrielle, 1926. 63 pp., 
illus., 8 x 5in., paper, 10 fr. 

A pamphlet describing recent additions to the Genneyvilliers 
power station of the Union d’Electricité and installations of 
new machinery in its Vitry plant. The additions are 50,000-kw. 
turboalternators, pulverized-coal boiler plants and numerous 
other improvements on a large scale. 


Oct. 1926 
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SECTION MEETINGS 
Atlanta 
Annual Dinner. The following officers were elected: Chairman, 
C. E. Bennett; Vice-Chairman, E. H. Bailey; Secretary- 
Treasurer, W. F. Oliver. July 30. Attendance 55. 
Kansas City 
Electric Domestic Refrigeration, by B. J. George, Kansas City 
Power & Light Co., and 
Flickering of Lights by a Sixty-Cycle Generator, by S. M. DeCamp, 
General Electric Co. June 7. Attendance 27. 
Mexico 
Talk by Gustavo Trevino, Mexican Telephone and Telegraph 


Co., upon the work his company is doing in Mexico. July 
1. Attendance 25. 
Oklahoma 
Rural Electrification, by Edwin Kurtz, Oklahoma’ A. & M. 


College; 


What the Employer Expects of a Young Engineer, by Frank 
Meyer, Oklahoma Gas and Electrie Co., and 


First Aid to the Injured, by N. I. Sommers. The following 
officers were elected: Chairman, E. R. Page; Vice-Chairman, 
Edwin Kurtz; Seeretary-Treasurer, C. C. Stewart. May 
26. Attendance 90. 


Philadelphia 


Electrical Features of the New Richmond Generating Station, by 
Hentz, Philadelphia Electric Co. Illustrated with 
sides. Inspection trip to the Generating Station. May 

10. Attendance 172. 


Dinner Meeting. The following officers were elected: Chair- 
man, L. J. Costa; Secretary, R. H. Silbert; Treasurer, 
E. C. Drew. A short talk was given by Mr. William 
McClellan on the problems confronting the electrical 
industry today. June 14. Attendance 85. 


Past Section and Branch Meetings 


‘SGODHHTUOGIOOYDAUOUGOUTOCERONON DONNA ONNMRDuN Nev EADOKoHQINSQNOKEONOUAGEYUNONTONNNOUANNOENNONENGNNSNNNDORONLENONVNNLOTEONNVNNLNLOVNOLEDUCEOOCOEHAOG HORN ONODANREGTOEICONUIRUGOLLONNUN00000N00000000000U1DEKN0D0000TH000H00000 0000400000 EH9E0TENEOKUOHOUNOQNOOOUOOOFUOGKGAUNTEODONTOUNUOGEOUEUONUOUCUNEONULSOOOOEQQ00COHEULANEOTENNOKSVOTENDONGOCUOANDUOEOANOCQUNOEODAOENAANEEDOLHOARUOHOCEOEN 


Portland 
Get-Together Meeting. Joint with National Electric Light 
Association, American Society of Mechanical Engineers and 
American Society of Mining and Metallurgical ;Engineers. 
June19. Attendance 212. 
St. Louis 
Introduction of Machine Switching Telephony in St. Louis, by 
J. H. Landwehr, Southwestern Bell Telephone Co. The 
following officers were elected: Chairman, Walter Millan; 
Secretary, L. N. Van Hook. May 19. Attendance 128. 
Utah 


Business Meeting. The following officers were elected: Chair- 
man, B. C. V. Wheatlake; Secretary-Treasurer, D. L. 
Brundige. August 6. Attendance 25. 


BRANCH MEETINGS 


University of California 
Business Meeting. August 25. Attendance 31. 


Ohio Northern University 
Business Meeting. September 9. Attendance 36. 


Rutgers University 


Business and Social Meeting. The following officers were 
elected: Chairman, E. C. Siddons; Vice-Chairman, Frank 
Chalten; Secretary-Treasurer, W. H. Bohlke. May 10. 
Attendance 31. 


University of Southern California 
Business Meeting. May 13. Attendance 25. 
Business Meeting. The following officers were elected: Chair- 


man, Karl Raife; Vice-Chairman, Lester Weisser; Secretary, 
Elwood Smith; Treasurer, Willard Bausman. May 20. 
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| Engineering Societies Employment Service 


¢ 
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Under joint management of the national societies of Civil. Mining. Mechanical and Electrical Engineers cooperating 


with the Western Society of Engineers. 


The service is available only to their membership, and is maintained as a coopera- 


tive bureau by contributions from the societies and their individual members who are directly benefited. 
Offices: —83 West 39th St., New York, N. Y.,—W. V. Brown, Manager. 
53 West Jackson Blv’de., Room 1786, Chicago, Ill., A. K. Krauser, Manager. 
57 Post St., San Francisco, Calif., N. D. Cook, Manager. 


MEN AVAILABLE.—Brief announcements will be published without charge but will not be repeated except upon 


requests received after an interval of one month. 


period of three months and are renewable upon request. 


Names and records will remain in the active files of the bureau for a 


Notices for this Department should be addressed to 


EMPLOYMENT SERVICE, 33 West 39th Street, New York City, and should be received prior to the 15th of 


the month. 


OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to 
members of the Societies concerned at a subscription rate of $3 per quarter, or $10 per annum, payable in advance. Posi- 
tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly. 


= VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are 


invited to cooperate with the Societies in the financing of the work by nominal contributions made within thirty days after 
placement, on the basis of $10 for all positions paying a salary of $2000 or less per annum; $10 plus one per cent of all 
amounts in excess of $2000 per annum; temporary positions (of one month or less) three per cent of total salary received. 
The income contributed by the members, together with the finances appropriated by the four societies named above, will 
tt is hoped, be sufficient not only to maintain, but to increase and extend the service. 

REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 
to the Employment Service as above. Replies received by the bureau after the positions to which they refer have been 
filled will not be forwarded. 


POSITIONS OPEN ply by letter stating technical training, experience, perience, and salary expected. Headquarters, 
ELECTRICAL ENGINEER, with three or 28¢ and salary expected. Opportunity. Loca- New York City. X-695. 
; tion, Pennsylvania. X-658-C-S. 


four years’ experience in design of electrical layouts 
for generating and substations for positions in 
engineering department of public utility. Apply 
by letter. Location, South. X-644-C-S. 
DIRECT CURRENT MACHINE DESIGN- 
ER, experienced, for medium industrial sizes. Ap- 


BOILER ROOM ENGINEER, for new public 
utility station in South, operating high-pressure 
boilers. Must have oil-burning experience and 
be capable supervising operation and mainte- 
nance. Apply by letter giving full details of ex- 


ILLUMINATING ENGINEER, capable su- 
pervising design and production of floodlighting 
units, searchlights and other illuminating equip- 
ment. Also with ability to make layouts and 
installation recommendations on special flood- 
lighting work. Apply by letter stating age, 
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education, experience, salary desired. Head- 
quarters, Philadelphia. X-738-C. 

ELECTRICAL DESIGN ENGINEER, on 
large direct current machines having at least 
five years’ design experience; experience in steel 
mill applications of direct current motors is 
desirable. Apply by letter, giving full particulars 
concerning age, technical education, design 
experience, references, salary expected, and date 
when available. Apply by letter. Location, 
Pennsylvania. X-819-C. 


ELECTRICAL AND MECHANICAL EN- 
GINEER, preferably graduate, under 40, ex- 
perienced in design and manufacture of switches,- 
fuses, panel boards, receptacles, and _ similar 
electrical accessories, as general assistant to chief 
engineer of concern producing such devices. 
Should be willing and able to work at the board 
and handle small as well as big jobs. Opportuni- 


ties. Apply by letter. Location, East. X-628. 
MEN AVAILABLE 
ELECTRICAL ENGINEER, 31, married, 


desires position with a manufacturing or engineer- 
ing concern. Several years’ laboratory expe- 
riencein development work. Recently production 
manager for non-electrical firm. Now available. 


New Jersey, Pennsylvania, or Middlewest 
preferred. C-1798. 
RECENT GRADUATE IN ELECTRICAL 


ENGINEERING desires position with large 
concern. Had two years’ experience installing 
central office telephone equipment. Prefers 
position along experimental and research lines. 
©-1813-8-C-3. 

PLANT ENGINEER, 33, married, thorough 
training in taking responsibility and handling of 
men. Thirteen years’ experience on mechanical 
and electrical maintenance, construction and 
installation work in stee] mills, blast furnaces, 
zinc spelters, acid plant, textile plants and small 
parts manufacture. New York State Professional 
Engineer’s License. Available at once. Loca- 
tion, Eastern United States (small town preferred). 
B-5026. 

GRADUATE ELECTRICAL ENGINEER 
wishes connection with large power company 
or consulting firm. Two years’ general test 
experience with large manufacturing company, 
one year station test with large metropolitan 
power and light company, two years general 
engineering with large metropolitan power com- 
pany specializing in problems involving relay work 
and general system protection. B-7797. 

ENGINEER CHARGE OF PLANT, for 
manufacturing concern with future prospects 
of branch superintendency sought by graduate 
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EH. E., 32, married. Nine years’ experience 
including hydro plant preliminaries, design 
with field installations, construction and mainte- 
nance of lines transformers, substation A-O. 
and D-C., trolley, automatic control, pumps, 
fans, compressors and _ hoists, night school 
teaching. Now employed, but available on short 
notice. O-1828. 

DISTRIBUTION ENGINEER, _ technical 
graduate, 33, married, several years’ electrical 
and mechanical test experience in power stations, 
four years’ distribution experience with large 
public utility in East. Desires position in distribu- 
tion engineering, or sales engineering in distribu- 
tion field. Location, Kast. Available one month. 
Salary $260. B-1410. 

ELECTRICAL ENGINEER, 36, profession- 
ally licensed in the States of New York, New 
Jersey and Pennsylvania, with sixteen years’ 
experience covering design, construction, super- 
vising, estimating, contracting, sales, con- 
sultant and executive, desires to locate where 
opportunity is available. B-6985. 


ELECTRICAL ENGINEER, 26, married, 
technical graduate, four years’ experience test 
supervision with a-c. public utility, one year’s 
experience teaching, executive, statistician, or- 
ganizer. Desires position with progressive or- 
ganization offering reasonable advancement for 
conscientious, energetic worker. C-1346. 


UTILITY ELECTRICAL ENGINEER, ten 
years’ experience in design of power stations 
and substations. Past two years in responsible 
charge of important projects for one of the coun- 
tries largest systems, covering every phase of the 
work. Desires position with utility or holding 
company in or near New York City. Minimum 
salary $350 a month. B-7809., 


ELECTRICAL ENGINEER, with twenty 
years’ practical experience in industry and utility, 
desires position of responsibility in a growing 
organization with modern business policies. 
Research and developmental department on small 
electro-mechanical apparatus desired, meters 
and instruments a specialty. At present em- 
ployed in charge of laboratory. | C-1867. 


JUNIOR SALES ENGINEER, | technical 
school graduate, good appearance and personality. 
Experience; two years electrical maintenance, 
one year signal system work, one year industrial 
motor inspection for public utilities, one year elec- 
trical estimating and drafting for electrical con- 
tractors. Age 30, single. Available now. Salary 
open. Location, East. B-7920 


COLLEGE GRADUATE, ’25 in E. E., desires 
position where he can acquire experience either in 
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appraisal or construction work. Available two 
weeks. Location, New York. O-512. 

ELECTRICAL ENGINEER desires executive 
position with progressive company. Has had 
twenty years’ experience in the manufacture, 
operation, repair, maintenance of electrical 
machinery and equipment. such as power plants, 
steel mill drives, street railway, mining equipment. 
For the past eleven years has had full charge of 
repairs, machine work, maintenance all electrical 
equipment for large steel plant. Location im- 
materialif salary isright. C-1879. 

ELECTRICAL ENGINEER, 35, single, ten 
years’ experience in the design and construction of 
generating stations, substations. Transmission 
lines, underground systems with large public 
utility concerns, and five years with large electrical 
manufacturer in heavy plant sales and contract 
department, estimating, tendering and technical 
correspondence. Desires position as sales en- 
gineer United States or abroad. Available two 
weeks’ notice. C-1827. 

ENGINEER, experienced in the design, manu- 
facture and application of switching equipment, 
desires permanent position with operating com- 
pany or sales organization. Age 31, married. 
C-1886. 

ELECTRICAL ENGINEER, 27, single, tech- 
nical graduate, four years’ experience installation, 
testing, research, and manufacturing supervision. 
Desires position, preferably in New York, with 
advancement opportunity. B-7270. 

CANADIAN, electrical engineering education, 
expert photographer, experience in electrical 
contracting, theatrical lighting and marine 
engineering, some knowledge of photo-electricity, 
desires position. Age 23, unmarried. Available 
immediately. Locationimmaterial. C-1906. 


RECEIVER, recently discharged wishes con- 
nection with public utility. Eighteen years’ 
experience in management, operation and control 
of hydroelectric properties and general public 
utility business. Position of business manage- 
ment preferred rather than technical engineering 
B-6686. 


TECHNICAL GRADUATE IN E. E., 29 
years of age with three years’ experience on central 
station electrical tests, distribution system 
estimates, pole line construction, two years on 
telephone apparatus inspection and circuit tests, 
two years on electric railways, development, tests 
and design of car equipment. Knows Spanish. 
Locate anywhere. O-1889. 


ELECTRICAL ENGINEER, three years sales, 
electrical equipment, seven years construction, 
power house and.substation steam and electric, 
four years valuation and cost accounting. Mar- 
ried. Location preferred, New York. C-68. 


Addresses Wanted 3.—A. F. Buckley, 211 Sherman Ave., New York, N. Y. 


A list of members whose mail has been returned by the postal 
authorities is given below, together with the addresses as they 
Any member knowing 
the present address of any of these members is requested to 
communicate with the Secretary at 33 West 39th Street, New 


now appear on the Institute records. 


York. 


All members are urged to notify the Institute Headquarters 
promptly of any change in mailing or business address, thus 
relieving the member of needless annoyance and also assuring 
the prompt delivery of Institute mail, the accuracy of our mailing 
records, and the elimination of unnecessary expense for postage 


and clerical work. 


1.—Lincoln Bouillou, 731 21st Avenue W., 
2.—W. A. R. Brown, Radio Corp. of America, 33 W. 42nd St. 


New York Ny Ye 


4.—John C. Fretz, 
Island City, N. Y. 

5.—William F. Gilman, Belgrade Lakes, Maine. 

6.—S. G. Guth, 419 Hampton Ave., Wilkinsburg, Pa. 

7.—Edward C. Hanson, Box 59, Pinelawn, N. Y. 


N. Y. & Queens Elec. Lt & Pr. Co., Long 


8.—A. Hirth, 519 Lincoln Place, Brooklyn, N. Y. 


10.—Eriec Kjellgren, 


Seattle, Wash. NGOS IN 


9.—M. E. Jonson, 133 Ardsley Road, Schenectady, N. Y. 


145 13th Street, Milwaukee, Wisc. 


11.—Otto W. Lawrence, Avenue E., Bound Brook, N. J. 
12.—D. F. McConnell, 402 N. Highland Ave., Pittsburgh, Pa. 
13.—Jack Nile, 378 Bayden Ave., Hilton, N. J. 

Aa ee Ortiz Ne 


Y. Edison Co., 23rd St & 4th Ave., New 


15.—I. T. Roberts, 2355 Prairie Ave., Evanston, II. 


16.—Or ville B. Weeks, 305 Martense St., Brooklyn, N. Y. 


Oct. 1926 


an 
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ASSOCIATES ELECTED 
SEPTEMBER 24, 1926 


*BASS, OSWALD BURTON, 2nd Electrician, 
“Empress of Australia,’’ Canadian Pacific 
Steamships, Ltd., Vancouver; res., Victoria, 
B. C.; Can. 

BERTHOLD, WOLF, Draftsman, New York 
Rapid Transit Corp., 85 Clinton St., 
Brooklyn, N. Y. 

BEYRODT, KURT, Electrician, Bond Service 
Repair Co., 42 Bond St., New York, N. Y. 

BROWN, JESTON FOSTER, Elec. Engg. Stu- 
dent, Tri-State College, Angola, Ind. 

BRUMMAL, JACK S8., Switchman, Kansas City 
Telephone Co., Kansas ’City, Mo. 


*BRICKER, GEORGE WALTER, Jr., Public 
Utility Accountant, H. C. Hopson, Inc., 61 
Broadway, New York; res., Brooklyn, N. Y. 

BURKHARDT, GEORGE EDWARD, Labora- 
tory Engineer, General Railway Signal Co., 
West Ave., Rochester, N. Y. 

CHAPMAN, HENRY NORMANTON, Jr., 
Asst. Foreman, Engg. Dept., Woodward & 
Tierman Printing Co., 1519 Tower Grove 
Ave., St. Louis, Mo. 

COOK, H. C., Electrical Superintendent, Day & 
Zimmermann, Inc., Saxton, Pa. 

COOKE, LEIGHTON B., Electrical Engineer, 
Bell Telephone Laboratories, 463 West St., 
New York, N. Y. 

COTTIER, JOHN PERCIVAL, Borough Elec- 
trical Engineer, Ohakune Borough Council, 
Mire St., Ohakune, N. Z. - 

COVINGTON, PRESTON M., Supt., Electric 
Light & Water Department, Red Springs, 
Ne Oe 

DECONLY, JULIAN COGGSALL, ‘Consulting 
Engineer, 315 Bank of Italy Bldg., Los 
Angeles, Calif. 

DEJONG, FRANZ, Supt. of Testing Division, 
Riegos y Fuerza del Ebro, S. A., Plaza 
Cataluna No. 2, Barcelona, Spain. 

DENNEY, L. JOHN, Maintenance Engineer, 
Engg. Dept., Bell Telephone Co. of Penn., 
416 7th Ave., Pittsburgh, Pa. 

DOBERCK, WILLIAM A., Chief, Electrical 
Construction Dept., Andersen Meyer & Co., 
Ltd., Shanghai, China. 

DOYLE, JOHN THOMAS, Engineer in charge, 
Westport Stockton Coal Co., Ngakawau, 
Westport, N. Z. 

DUNLAP, BERT, Division Maintenance, Ozark 
Pipe Line, Ponca City, Okla. 

ELWORD, AURIOL, Smoke Tested, Consoli- 
dated Mining & Smelting Co. of Canada, 
Ltd., Trail, B.C., Can. 


EYTON, JOHN, Service 
Westinghouse Co., Ltd., 
Montreal, Que., Can. 

GARDNER, WILLIAM, Plant Dept., New York 
Telephone Co., 227 E. 30th St., New York, 


Dept., Canadian 
512 William St., 


INDY. 
GERST, PAUL ERNEST, Electrical Draftsman, 
Engg. Dept., Commonwealth Edison Co.’ 


72 W. Adams St., Chicago, Ill. 
HARRIS, CLAIR ASHLEY, General Foreman, 
Bureau of Reclamation, Emmett, Idaho. 
HEARD, WILLIAM LAUREN, Telephone 
Engineer, Bell Telephone Laboratories, Inc., 
463 West St., New York, N. Y.; res., East 
Orange, N. J. 

HILL, LEON ALBERT, Fieldman, Pacific Tel. 
& Tel. Co., 165 S. Howard St., Spokane, 
Wash. 


JORDAN, ESSEX F., City Electrical Inspector, 


City of Roanoke, 401 Anchor Bldg., Roanoke, 
Va. 

KALE, PURUSHOTTAMB., Managing Director, 
The Central Provinces Engineering Co., 
Ltd., Nagpur & Jubbulpore, Mount Road, 
Nagpur, India. 


KEGL, ZOLTAN JOSEF, Asst. to Manager,’ 


York Insulated Wire Works of General 
Electric Co., York, Pa. 

KENT, HARRY GORDON, Power Sales 
Engineer, Binghamton Light, Heat & Power 
Co., Binghamton, N. Y. 

KIRSCH, MYER JACK, Experimental Engi- 
neer, Petroleum Heat & Power Co., Stamford, 


Conn. 
KOTHAWALA, KERSHASP R., Electrical 
Engineer, Kishangarh State, Kishangarh, 


Rajputana, India. 

LEMMON, JAMES ABEL, Sales Engineer, 
Diehl Mfg. Co., Elizabeth, N. J. 

LENEHAN, CHARLES V., Deputy Asst. Supt.’ 
The New York Edison Co., 44 W. 27th St., 
New York; N. Y. 

LOPEZ, CHARLES EDWARD, Chief, Electrical 
Dept., Cia. Huanchaca de Bolivia, Pulacayo, 
Bolivia, S. Amer. 

LESSMANN, GERHARD, Westinghouse Elec. 
& Mfg. Co., Sharon, Pa. 

MARRISON, WARREN ALVIN, Laboratory 
Engineer, Bell Telephone Laboratories, 463 
West St., New York, N. Y. 

McKENZIE, MALCOLM THOMAS, Meter 
Foreman, Savannah Electric & Power Co., 
Cor: Bay & Whitaker Sts., Savannah, Ga. 

MESSENGER, THEODORE IVES, Application 
Engineer, Monitor Controller Co., 7016 
Euclid Ave., Cleveland, Ohio. 

MONTGOMERY, DOUGLAS, Electrical Engi- 
neer, Cia. Mexicana Luz y Fuerza Motriz, 
Mexico, D. F., Mex.; for mail, Pasadena, 
Calif. 

MOORE, HARRY ALBERT, Park Utah Con- 
solidated Mines Co., Park City, Utah 

MORI, HIDE, Engineer, Dept. of Communica- 
tion, Bureau of Electricity, Tokio, Japan. 

MOULTON, FRED EARL, Electrician & Line- 


man, Clyde River Power Co., Main St., 
Richford, Vt. 
NORDHAUS, Charles H., Engineer, Grigsby- 


Grunow-Hinds Co., 4450 Armitage Ave., 
Chicago, Ill. 

ODERMATT, ARNOLD, Engg. Dept., American 
Brown Boveri Electric Corp., Camden, N. J. 

PADDOCK, WILLIAM GEORGE, Electrical 
Engineer, Lucknow Municipal Water Works, 
Aish Bagh, Lucknow, U. P., India. 

PARKER, WILLIAM A. H., Sales Engineer, 
West Gloucestershire Power Co., Ltd., 21 
Eastgate St., Gloucester, England. 

*SANDERS, WILLIAM FERRELL, Electrical 
Engineer, Tallassee Power Co., Badin, N. C. 

SANTA-MARIA, DOMINGO, Engineer of 
Direction, de Servicios Electricos, Santo 
Domingo 1220, Santiago, Chile, So. Amer. 

SIEMERS, FREDERIC W., 9610 38th Ave., 
Corona, N. Y. 

SMITH, CLIFTON EDWARD, Electrical Engi- 
neer, J. Livingston & Co., 70 E. 45th St., 
New York, N.Y. 

SMITH, GEORGE J., Designer, Binghamton 
Light, Heat & Power Co., 172 Washington 
St., Binghamton, N. Y. 


SWEET, JAMES W., Operating Engineer, 
Virginia Public Service Co., Ronceverti, 
W.Va. 


TANTON, FREDERICK WILLIAM, Operator, 
Power Dept., Newfoundland Power & Paper 
Co., Deer Lake, Newfoundland; for mail, 
Charlottetown, P. E. I., Can. 

TASKER, HOMER G., Engineer, The Pacific 
Tel. & Tel. Co., 140 New Montgomery St., 
San Francisco, Calif. 

TEVONIAN, HAGOP PUZANT, Designer, 
Brooklyn Edison Co., Pearl & Johnson Sts., 
Brooklyn, N. Y. 

TUCKERMAN, LUCIEN POMEROY, Ree 
search Engineer, De Forest Radio Co., 
Central Ave. & Franklin St., Jersey} City, 
N.J.;res., Brooklyn, N. Y. 

WINTERS, GLENN H., Electrical Draftsman 
Sargent & Lundy, Inc., 72 W. Adams St., 
Chicago, Ill. 

Votal 57. 

*Formerly Enrolled Students. 


ASSOCIATES REELECTED 
SEPTEMBER 24, 1926 
BROOME, GEORGE WILEY, Electrical De- 
signer, Stevens & Wood, Inc., 120 Broadway, 
New York, N.Y. 
WEISS, HENRY E., Local Manager, Allis- 
Chalmers Mfg. Co., 915 Kearns Bldg., Salt 
Lake City, Utah. 


ASSOCIATE REINSTATED 
SEPTEMBER 24, 1926 
MARION, FREDERICK R., Communication 
Engineer, N. Y. N. H. & H. R. R. Go., 
New Haven, Conn. 


MEMBERS, ELECTED SEPTEMBER 24, 1926 

HUNTINGTON, SCOTT ALLEN, Plant Engi- 
neer, The Syracuse Lighting ©Co., Inc., 421 
Warren St., Syracuse, N. Y. 

JANSSON, GUSTAV EMANUEL, General Engi- 
neer, Condit Electrical Mfg. Co., 1344 Hyde 
Park Ave., Boston; for mail, Wollaston, Mass. 

JEANNIN, HARRY WALLACE, Vice-President 
of Engg., The Jeannin Electric Co., Toledo, 
Ohiv. 

JENNENS, WALTER SAMUEL, Electrical 
Engineer, Ohio Brass Co., Mansfield, Ohio. 

LAPIROFF-SCOBLO, M., Professor of Elec. 
Engg., Government Electro-Technical Insti- 
tute, Gorohvsakaya 23, U. S. S. R. Moscow, 
Russia. 

WELLER, GEORGE LOUIS, Telephone Engi- 
neer, The Chesapeake & Potomac Telephone 
Co. & Associated Companies, 725, 13th St., 
N. W., Washington, D.C. 


FELLOW ELECTED SEPTEMBER 24, 1926 

MELSOM, SYDNEY WILLIAM, Head Yor 
Research Dept., Callendars Cable Co., Belvi- 
dere, Kent; res., London, Eng. 


TRANSFERRED TO GRADE OF FELLOW 
SEPTEMBER 24, 1926 


BOLSER, M. O., Assistant Electrical Engineer, 
Department of Water & Power, City of Los 
Angeles, Calif. 

CRAFT, EDWARD B., Executive Vice-President, 
Bell Telephone Laboratories, New ‘York, 
Na. 

KELLEY, WILL G., Asst. Engineer of Distribu- 
tion, Commonwealth Edison Co., Chicago, 
Til. 
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MacCUTCHEON, A. M., Engineering Vice- 
President, Reliance Electric & Engineering 
Co., Cleveland, Ohio. 

ORSETTICH, ROBERT, Chief Engineer, Wilton 
Works of General Electric Co., Birmingham, 
England. . 

POWELL, ALVIN L., Manager, Engineering 
Dept., Edison Lamp Works, Harrison, N. J. 

SILVER, ARTHUR E., Consulting Electrical 
Engineer, Electric Bond & Share Co., 
New York, N. Y. 


TRANSFERRED TO GRADE OF MEMBER 
SEPTEMBER 24, 1926 


AMBROSE, FREDERIC B., Engineer, 
quesne Light Co., Pittsburgh, Pa. 
BENHAM, C. F., Asst. to General Supt., Great 

Western Power Co., San Francisco, Calif. 

BLACKWELL, EDWARD S., Asst. Supt. of 
Construction, Div. of Construction & Engi- 
neering, Stone & Webster, Inc., Pinehurst, 
Wash. 

BOSTWICK, THOMAS J., Chief Electrical 
Engineer, Aluminum Company of America, 
Pittsburgh, Pa. 

BURGER, EMMETT E., Electrical Engineer, 
General Electric Co., Schenectady, N. Y. 

CHUBBUCK, L. B., Electrical Engineer, Cana- 
dian Westinghouse Co., Hamilton, Ont., Can. 

COLE, GUERNEY H., Section Engineer, M. & 
P. Engineering Dept., Westinghouse Electric 
& Mfg. Co., East Pittsburgh, Pa. 

CURTIS, WARD C., Chief Engineer, Cia 
Cubana de Electricidad, Inc., Havana, Cuba. 

DACE, FRED E., Head, Department of Elec- 
tricity, Bradley Polytechnic Institute, Peoria, 
ity, 

DOERSCHUK, HERBERT M., Electrical Supt., 
Aluminum Co. of America, Niagara Falls, 
N.Y, 

FINNEY, ALFRED C., Consulting Engineer, 
(Switchboard Practice), General Electric Co., 
Schenectady, N. Y. 

FOGLER, WILLIAM A., Laboratories Supt., 
Philadelphia Electric Co., Philadelphia, Pa. 

GARDNER, STERLING M., President & Chief 
Engineer, Gardner Electric: Mfg. Co., 
Emeryville, Calif. 

GIBBS, JESSE B., Electrical Engineer, Westing- 
house Electric & Mfg. Co., Sharon, Pa. 
GLANCY, ROBERT OC., Chief Engineer, 
Eastern Bell Telephone Co. of Pennsylvania, 

Philadelphia, Pa. 

GRAY, FRED J., Transmission Engineer, 
Upstate Territory, New York Telephone Co., 
Albany, N. Y. 

HALPERIN, HERMAN, Engineer, 
wealth Edison Co., Chicago, Ill. 

HENNINGSEN, EARLE S., Electrical Engineer, 
A. C. Engg. Dept., General Electric Co., 
Schenectady, N. Y. 

HOLLAND, WAYMAN 4A., Electrical Engineer, 
Switchboard Dept., General Electric Co., 
Schenectady, N. Y. 

JOHNS, ALBERT N., Consulting Engineer, 
Los Angeles, Calif. 

JOHNSON, CLARENCE N., General Engineer, 
Westinghouse Electric & Mfg. Co., Phila- 
delphia, Pa. 

KARKER, EARL C., Instructor in Electrical 
Engineering, Mechanics Institute, Rochester, 
IN NG 

KELMAN, J. N., President & Manager, Kelman 
Electric & Mfg. Co., Los Angeles, Calif. 

KERR, HENRY H., Supt., Electric Operating 
Dept., Public Service Company of Colorado, 
Denver, Colo. 

KIDDER, JAMES W., Supervising Engineer, 
New England Tel. & Tel. Co., Boston, Mass. 

LUKE, GEORGE E., Research Engineer, 
Westinghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. 

LUTZ, ROBERT A., Electrical Engineer, Utili- 
ties Power & Light Corp., Chicago, II. 


Du- 


Common- 
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MARR, GEORGE M., Manager, Marine Sales, 
Charles Cory & Son, Inc., New York, N. Y. 

MAYER, J. H., Equipment Engineer, Postal 
Telegraph Cable Co., New York, N. Y. 

McCLAIN, JOHN R., Materials & Process 
Engineer, Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

McNEELY, JOHN K., Research Professor of. 
Electrical Engineering, Iowa State College, 
Ames, Iowa. 

MILLER, GEORGE M., Supt., Electric Distribu- 
tion & Construction, Louisville Gas & 
Electric Co., Louisville, Ky. 

NIGH, EDSON R., Supt., Light & Power, Puget 
Sound Power & Light Co., Bremerton, Wash. 

NORRIS, FERRIS W., Asst. Professor of 
Electrical Engineering, University of Ne- 
braska, Lincoln, Neb. 

PETERS, ALFRED §S., Valuation Engineer, 
Mountain States Tel. & Tel. Co., Denver, 
Colo. 

PRAGST, ERNEST W., Electrical Engineer, 
General Electric Co., Schenectady, N. Y. 

REYNOLDS, WILLIAM H., Foreman of Elec. 
Maintenance of Erie Works, General Electric 
Co., Erie, Pa. 

RICE, CHESTER W., Research Engineer, 
General Electric Co., Schenectady, N. Y. 

RIGGS, ALBERT C., Supt., Light & Power, 
Puget Sound Power & Light Co., Bellingham, 
Wash. 

SEIBEL, CHARLES F., Jn., Telephone Engi- 
neer, Bell Telephone Laboratories, Inc., 
New York, N. Y. 

SMITH, GLEN H., Engineer, Outside Construc- 
tion, Department of Lighting, City of 
Seattle, Wash. 

SMITH, J. BRODIE, Vice-President & General 
Manager, Manchester Traction, Light & 
Power Co., Manchester, N. H. 

SNOW, WILBER C., Industrial Power Sales- 
man, Lighting Department, City of Seattle, 
Wash. 

SPRARAGEN, WILLIAM, Secretary, Division 
of Engineering and Industrial Research, 
National Research Council, New York, N. Y. 

SWOBODA, ADOLPH R., Apparatus Develop- 
ment Engineer, Bell Telephone Laboratories, 
New York, N. Y. 

TREAT, ROBERT, Section Head, Central 
Station Engg. Dept., General Electric Co., 
Schenectady, N. Y. 

TRUMBULL, ARTHUR J., Assistant Engineer, 
Distribution Department, Brooklyn Edison 
Co., Inc., Brooklyn, N. Y. 

WAITE, LESLIE O., Engineer, Stone & Webster, 
Inc., Boston, Mass. 

WALLIS, CHARLES R., Sales Engineer, General 
Electric Co., Seattle, Wash. 

WALTHER, JOHN T., Professor of Electrical 
Engineering, Municipal University of Akron, 
Akron, Ohio. 

WARD, RALPH B., Chief, Electrical Bureau, 
Newark, N.J. 

WATKINS, SAMUEL S., Electrical Engineer, 
Gibbs & Hill, New York, N. Y. 

WIESEMAN, ROBERT, W., Special Designing 
Engineer, A.C. Engg. Dept., General Electric 
Co., Schenectady, N.Y. 

WILSON, HARRY RB., Central Station Engineer- 
ing Dept., General Electric Co., Schenectady, 
IN So 

WOOD, EDWIN D., Electrical Operating Engi- 
neer, Louisville Gas & Electric Co., Louisville, 
Ky. 

WOODS, GEORGE M., General Engineering, 
Westinghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. 

WOODSON, J. C., Manager, Industrial Heating 
Engineering Dept., Westinghouse Electric & 
Mfg. Co., Mansfield, Ohio. 

YERXA, RUSSELL A., Electrical Supt., Dwight 
P. Robinson & Co., New York, N. Y, 
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APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless other- 
wise indicated, the applicant has applied for ad- 
mission as an Associate. If the applicant has 
applied for direct admission to a higher grade 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before October 31, 1926. 


Almegren, E. W., Almgren Bros. & Lindberg, 
Tiger, Colo. 

Andree, J. W., (Member), So. California Edison 
Co., Los Angeles, Calif. 

Bailey, G. S., Great Western Power Co., San 

' Francisco, Calif. 

Bailey, R. E., (Member), Utah Power & Light 
Co., Park City, Utah 

Banks, W. H., New York Edison Co., New York, 
ING YA 

Bell, W., Pine Hill Coal Co., Minersville, Pa. 

Berg. J. E., Victor X-Ray Corp., Chicago, IIl. 

Bernt, A. C., General Electric Co., Bloomfield, 
ING As 

Burbank, J. D., Niagara Lockport & Ontario 
Power Co., Buffalo, N. Y. 

Chesnut, F. T., Gibbs & Hill Co., New York, 
FIN YS 

Corrin, J. G., Pittsburgh Transformer Co., 
San Francisco, Calif. 

Cowart, J. E., Thomas E. Murray & -Co., New 
York, N. Y. 

Dakin, F., General Electric Co., Pittsfield, Mass. 

Dart, S. C., Oakland Motor Car Co., Pontiac, 
Mich. 

Dempster, J. J., Canadian Westinghouse Co., 
Ltd., Hamilton, Ont., Can. 

Doxey, F. S., General Electric Co., Schenectady, 
Nig Vic 

Eckardt, E. M., N. Y. Rapid Transit Corp., 
Brooklyn, N. Y. 

Ein, S., Illinois Steel Co., South Chicago, Ill. 

Ernst, J. P., New York Telephone Co., New York, 
Ne Y- 

Green, D. C., (Member), Utah Power & Light 
Co., Salt Lake City, Utah. 

Grondahl, L. O., Union Switch & Signal Co., 
Swissvale, Pa. 
(Applicant for re-election.) 

Hale, J. A., (Member), Utah Power & Light Co., 
Salt Lake City, Utah 

Hammond, T. A., General Electric Co., Pitts- 
field, Mass. 

Hawkes, C. J., (Member), The Electric Storage 
Battery Co., Seattle, Wash. 

Hoffmann, H. J., Stone & Webster, Inc., Boston, 


Mass. 

Jones, A. L., Utah Power & Light Co., Salt Lake 
City, Utah 

Keath, H. B., (Member), Wagner Electric Corp., 
St. Louis, Mo. 

Kundert, A., The New York Edison Co., New 
Vorke Nin ve 

Libecap, R. E., Superior Electric Co., Dallas, 
Texas 

Lindell, K. S. I., Schweitzer & Conrad, Inc., 
Chicago, Tl. 


Lockwood, E. L., Newport News & Hampton 
Ry., Gas & Electric Co., Hampton, Va. 

McCartney, C. E., Southern Cities Power Co., 
Chattanooga, Tenn. 

Niederer, E., Curtis Mfg. Co., St. Louis, Mo. 

Norris, W. J., New York Rapid Transit Co., 
New York, N. Y. 

Owens, S., Bureau of Safety, Chicago, Ill. 

Parker, J. B., Saskatchewan Government Tele- 
phones, Regina, Sask., Can. 

Pecha, A. F., Electrical Testing Laboratories, 
New York, N. Y. 


Perlewitz, J. M., Graybar Electric Co., Salt Lake 
City, Utah 
(Applicant for re-election.) 
Phillips, A., Electrical Testing Laboratories, 
New York, N. Y. 


Oct. 1926 


Pontius, P. A., Westinghouse Elec. & Mfg. Co., 
Homewood, Pa. 

Prior, F. O., (Member), Midwest Refining Co., 
Casper, Wyo. 

Reinstidt, J. W., Southern Bell Tel. & Tel. Co., 
Louisville, Ky. 

Remscheid, E. J., General Electric Co., Schenec- 
tady, N. Y. 

Robinson, J. P., Kerite Insulated Wire & Cable 
Co., San Francisco, Calif. 

Rooney, F. H., (Member) Columbia Steel Corp., 


Provo, Utah 

Save, G. A., New York Edison Co., New York, 
N. Y. 

Schoberth, G., New York Edison Co., New York, 
INBDY a 

Scurrah, W., Canadian Marconi Co., Montreal, 
Que., Can. 


Seyler, P. K., Mountain States Tel. & Tel. Co., 
Salt Lake City, Utah 

Sharp. S. M., Minnesota Power & Light Co., 
Duluth; Minn. 


Simpson, J. C., Bell Telephone Co. of Canada, 
Montreal, Que., Can. 


Smith, W. B., Lapp Insulator Co., Los Angeles, 
Calif. 


OFFICERS OF A. I. E. E. 


President 
C. C. CHESNEY 


Junior Past Presidents 
M. I. Pupin 


Vice-Presidents 


P.UM. DowNrInG H. M. 
HERBERT S. SANDS 


W. E.. MITCHELL * 


ARTHUR G. PIERCE H. H. ScHOOLFIELD 

W. P. Doxsson A. E. BETTIS 
Managers 

WiILL1AM M. McCoNAHEY M. M. Fowler 

W. K. VANDERPOEL H. A. KippER 

H.4!P.4 CHARLESWORTH E. C. STONE 


JoHN B. WHITEHEAD 
J.uM. Bryant 
E._B. MERRIAM 


ELS G: 


National Treasurer 
GrorGE A. HAMILTON 


Honorary Secretary 
RaLtpH W. Pope 


LOCAL HONORARY SECRETARIES 
T. J. Fleming,’ Calle B. Mitre 519, Buenos Aires, Argentina, S. A. 
Carroll.M. Mauseau, Caixa Postal No. 571, Rio de Janeiro, Brazil, S. A. 
Charles le Maistre, 28 Victoria St., London, S. W. 1, England. 


A. S. Garfield, 45 Bd. Beausejour, Paris 16 E, France. 


F. W.£Willis, Tata Power Companies, Bombay House, 
GuidoSemenza, 39 Via Monte Napoleone, Milan, Italy. 


P. H.{Powell, Canterbury College, Christchurch, New 


Axel F. Enstrom, 24a Grefturegatan, Stockholm, Sweden. 
W. Elsdon-Dew, P. O. Box 4563, Johannesburg, Transvaal, Africa. 


A. I. E. E. COMMITTEES 


(A list of the personnel of Institute committees may be found in the September 


issue of the JOURNAL.) 


GENERAL STANDING COMMITTEES AND{ CHAIRMEN 


EXECUTIVE, C. C. Chesney 
FInANceE,*H. A. Kidder 

MEETINGS AND PAPERS,’E. B. Meyer 
_PusiicaTion,*L. F. Morehouse 


CooRDINATION,OF INSTITUTE ACTIVITIES, Farley Osgood 


BoarD OF EXAMINERS, Erich Hausmann 
Sections, Harold B. Smith 

STUDENT BRANCHES, C. E. Magnusson 
MEMBERSHIP, L. S. O'Roark 
HEADQUARTERS, G. L. Knight 

Law, W. I. Slichter 

Pus.ic Poricy, Gano Dunn 
STANDARDS, J. Franklin Meyer 

Epison MEDAL, Gano Dunn 


CopE oF PRINCIPLES OF PROFESSIONAL Conpbuct, John W. Lieb 


CoLuMBIA UNIVERSITY SCHOLARSHIP, W. I. Slichter 
AWARD OF INSTITUTE PRIZES, E. B. Meyer 
SAFETY CopDEs, J. P. JACKSON 


FARLEY OsGooD 


B. G. JAMIESON 
GEORGE L. KNIGHT 


I. E. MouLttrop 


F. J. CHESTERMAN 


National Secretary 
F. L. HutcHinson 


INSTITUTE AND RELATED ACTIVITIES 


Steindorf, H. A., Riter Conley Construction Co., 
St. Louis, Mo. 
Szenes, A., New York Edison Co., New York, 


INE 
Vaughan, F. F., (Member), Phoenix Utility Co., 
Miami, Fla. 


Watters, R. A., with Dr. H. B. Spencer (X-Ray 
Laboratory), Lynchburg, Va. 

Weitmann, O., Sloan & Chace, Inc., Newark,.N. J. 

Werth, J. R., (Fellow), Appalachian Electric 
Power Co., Lynchburg, Va. 

Whittaker, C. C., Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 
(Applicant for re-election.) 

Wiack, J. W., Western Electric’ Co., Inc., New 
Worky Nave 

Wills, F. P., Adirondack Power & Light Co., 
Ltd., Schenectady, N. Y. 


Yarling, F. C., Louisville Gas & Elec. Co., 
Louisville, Ky. 
Total 62 
Foreign 
Banwet, D. N., Public Works Dept., Punjab, 
India 


Cutten, W. L., Palmerston North Borough Council, 
Palmerston North, N. Z. 
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Hill, W., Oorgaum, Kolar Gold Fields, South 
India 

Hofmann, A. Cl., G. Rohland & Co., Berlin- 
Charlottenburg, Germany 

Kameda, M., Tokyo Electric Light Co., Demki- 


ka, Tokyo Dento Kabushi Kaisha, Tokyo, 


Japan 
Rendell, E. F., (Member), The Victoria Falls & 
Transvaal Power Co., Ltd., Cleveland, 


Transvaal, So. Africa 
Setty, K. S., Chengalvaroya Naikers Tech. 
Institute, Vepery, Madras, India 
Uren, T. L., Malvern Electric Power Board, 
Christchurch, N. Z. 
Velasco, A. P., Sorocagana Railway, Sao Paulo, 
Brazil, So. Amer. 
Watkin, H., Nottingham Corp., Nottingham, Eng. 
Total 10 
STUDENTS ENROLLED 


Hayes, R. A. H., McGill University 

Huggler, G. Clarence, Pennsylvania State College 
Johnson, George Carl, Northeastern University 
Leonard, Richard J., Northeastern University 
Mueller, Rudolf B., Univ. of Wisconsin 

Peters, Jack B., Mass. Inst. of Technology 

Total 6 


SPECIAL COMMITTEES 


LICENSING OF ENGINEERS, Francis Blossom 
TECHNICAL ActiviTiEs, A. G. Pierce 


TECHNICAL COMMITTEES AND CHAIRMEN 


ComMunicaTION, H. P. Charlesworth 


EpucarTion, P. M, Lincoln 


HOBART 


ELECTRICAL MacuiInery, H. M. Hobart 

ELECTROCHEMISTRY AND ELECTROMETALLURGY, George W. Vinal 
ELeEctTrRopuHysics, V. Karapetoft 

INSTRUMENTS AND MEASUREMENTS, A. E. Knowlton 
APPLICATIONS TO IRON AND STEEL PRopucTIion, A. G. Pierce 


PRODUCTION AND APPLICATION OF LiGHT, Preston S. Millar 


Don CARLOS 


TRANSPORTATION, 


APPLICATIONS TO MARINE Work, G. A. Pierce 
APPLICATIONS TO MINING Work, W. H. Lesser 
GENERAL POWER AppLIcaTions, A. M. MacCutcheon 
POWER GENERATION, H. W. Eales 

POWER TRANSMISSION AND DisTRIBUTION, Philip Torchio 
Protective Devices, F. L. Hunt 

RESEARCH, John B. Whitehead 


A. I. E. E. REPRESENTATION 


(The Institute is represented on the following bodies; the names of the 
representatives may be found in the September issue of the JOURNAL.) 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, COUNCIL 
AMERICAN BUREAU OF WELDING 


AMERICAN COMMITTEE OF ELECTROLYSIS 


Bombay, India. 


Zealand. 


AMERICAN ENGINEERING COUNCIL 

AMERICAN ENGINEERING STANDARDS COMMITTEE 

AMERICAN MARINE STANDARDS COMMITTEE 

AMERICAN YEAR Book, ADVISORY BOARD 

APPARATUS MAKERS AND USERS COMMITTEE 

BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY 

CHARLES A. COFFIN FELLOWSHIP AND RESEARCH FUND COMMITTEE 
COMMITTEE ON ELIMINATION OF FATIGUE, SOCIETY OF INDUSTRIAL ENGINEERS 


ENGINEERING FOUNDATION BOARD 


JoHN Fritz MEDAL BOARD OF AWARD 


JornTtT COMMITTEE ON COMPENSATION, CHARLES F, Scott 
JorntT COMMITTEE ON WELDED RaiL JOINTS 

JOINT CONFERENCE COMMITTEE OF FoUR FOUNDER SOCIETIES 
LIBRARY BOARD, UNITED ENGINEERING SOCIETY 


NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICAL COMMITTEE 


NATIONAL FIRE WASTE COUNCIL 

NATIONAL Museum OF ENGINEERING AND INDUSTRY, BOARD OF TRUSTEES 
NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION 

NATIONAL SAFETY COUNCIL, ELECTRICAL COMMITTEE OF ENGINEERING SECTION 


THE NEWCOMEN SOCIETY 


Rapio ADVISORY COMMITTEE, BUREAU OF STANDARDS 

SOCIETY FOR THE PROMOTION OF .ENGINEERING EDUCATION, BOARD IF INVESTI- 
GATION AND COORDINATION 

U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL ELECTROTECHNICAL 


COMMISSION 


U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL ILLUMINATION COM- 


MISSION 


WASHINGTON AWARD, COMMISSION OF 
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LIST OF SECTIONS 
Name Chairman Secretary Name Chairman Secretary 

Akron " A.R. Holden ‘=H. L. Steinbach, Electrical Engi- | Panama L. W. Parsons _I. F. Mellhenny, Box 413, Balboa 
neering Dept., Goodyear Tire - Heights, C. Z. & 
& Rubber Co., Akron, Ohio Philadelphia Louis J. Costa Pre pen ts Market St., 

i m 22 ; iladelphia, h 

a eee ee ONS sera oe Pittsburgh W. C. Goodwin D. M. Simons, Standard Under- 

Baltimore W.B. Kouwenhoven R. T. Greer, Madison St. Building, ground Cable Co., Cor. 17th & 
Baltimore, Md. Pike Sts., Pittsburgh, Baan 

Boston Hartley Rowe W. H. Colburn, 39 Boylston St., Pittsfield E. F. Gehrkens C. H. Kline, — General Electric 
Boston, Mass. Co., Pittsfield, Mass. 

Chicago K. A. Auty William Wurth, 1634 Peoples Gas Portland, Ore. J. C. Henkle J. E. Yates, Gasco Bldg., Portland, 
Bldg., Michigan Ave. at Adams f Ore. : e 
St., Chicago, Ill. Providence Edwin E. Nelson EF. OW. Smith, Blackstone Valley 

Cincinnati W. P. Beattie L. J. Gregory, Union Gas & Elec- Gas & Electric Co., Pawtucket, 
tric Co., Cincinnati, Ohio Roi. : ae 

Cleveland H. L. Grant W. E. McFarland, 720 Illumina- Rochester Earl C. Karker Wade H. Reichard, Conceal y. 
ting Bldg., Cleveland, Ohio = Signal Co., Rochester, N. ic 

Columbus A. W. Janowitz E. At Williams, 231 N,Fifth St., St. Louis W.H. Millan L. N. Van Hook, 3869 Park Ave., 
Columbus, Ohio i , St. Louis, Mo: : hl 

Connecticut A. E. Knowlton R. G. Warner, Yale University, San Francisco D. I, Cone A. G. Jones, 807 Rialto g., 
10 Hillhouse Ave., New Haven, San Francisco, Calif. 
Conn. Saskatchewan S. R. Parker W.P. Brattle, Dept of Telephones, 

Denver W. H. Edmunds R. B. Bonney, Telephone Bldg., Telephone Bldg., Regina, Sask. 
P. O. Box 960, Denver, Colo. Schenectady R. E. Doherty R. F. Franklin, Room 301, Bldg. 

Detroit-Ann Arbor Harold Cole F. H. Riddie, Champion Porcelain No. 41, General Electric Co., 
Co., Detroit, Mich. Schenectady, Ne Xe 

Erie F. A. Tennant L. H. Curtis, General Electric Co., Seattle C. E. Mong C. R. Wallis, 609 Colman Bldg., 
Erie, Pa. P. O. Box 1858, Seattle, Wash. 

Fort Wayne D. W. Merchant C. F. Beyer, General Electric Co., Sharon H. L. Cole L. E. Hill, Westinghouse Elec. 
Fort Wayne, Ind. & Mfg. Co., Sharon, Pa. _ 

Indianapolis-Lafayette J. B. Bailey C. A. Fay, 4206 Cornelius Ave., Southern Virginia W. S. Rodman J. H. Berry, 1338 Rockbridge 
Indianapolis, Ind. f Ave., Norfolk, Va. : 

Ithaca R. F. Chamberlain G. F. Bason, Electrical Engineer- Spokane Richard McKay James B. Fisken, Washington 


ing Dept., Cornell University, 
Ithaca, IN. Yi 


Kansas City R. L. Baldwin S. M. De Camp, 510 Dwight Spring field, Mass. 
Bldg., Kansas City, Mo. ‘ 
Lehigh Valley W. E. Lloyd, Jr. G. W. Brooks, Pennsylvania 
Power & Light Co., 8th & Syracuse 
; Hamilton Sts., Allentown, Pa. 
Los Angeles R. E. Cunningham L. C. Williams, H. W. Hellman 
Bldg., Los Angeles, Calif. Toledo 
Lynn D. F. Smalley Chas Skoglund, River Works, Gen- 
: eral Electric Co.,W.Lynn, Mass. Toronto 
Madison E. J. Kallevang H. J. Hunt, D. W. Mead & C. V. 
Seastone, State Journal Bldg., 
Madison, Wis. Urbana 
Mexico E. F. Lopez H. Larralde, Isabel La Catolica, 
33 Mexico, D. F., Mexico © 
Milwaukee H.L.VanValkenberg R. G. Lockett, Cutler-Hammer Utah 
Mfg. Co., Milwaukee, Wis. 
Minnesota S. B. Hood M. E. Todd, University of Minne- 
sota, Minneapolis, Minn. Vancouver 
Nebraska C. W. Minard N. W. Kingsley, 1303 Telephone 
Bldg., Omaha, Nebr. : 
New York E. B. Meyer O. B. Blackwell, American Tel. Washington, D. C. 


Niagara Frontier 


H. B. Alverson 


& Tel. Co., 195 Broadway ,New 
Worle Nan y 
A. W. Underhill, Jr., 606 Lafayette 


Li BerCurtis 


C. E. Dorr 
A. H. Stebbins 


M. B. Hastings 

J. T. Tykociner 
B.C. J. Wheatlake’ 
Ro Ey all 


C. A. Robinson 


Water Power Co., Lincoln 
Trent, Spokane, Wash. } 
J. Frank Murray, United Electric 
Light Co., 251 Wilbraham Ave., 
Springfield, Mass. 
F. E. Verdin, 615 City Bank Bldg., 
Syracuse, N. Y. 


Max Neuber, 1257 Fernwood 
Ave., Toledo, Ohio 


F. F. Ambuhl, Toronto Hydro- 
Electric System, 226 Yonge 
St., Toronto, Ontario : 

L. B. Archer, 301 Electrical Engi- 
neering Lab., University of 
Illinois, Urbana, Ill 

D. L. Brundige, Utah Power & 
Light Co., Box 1790, Salt Lake 
City, Utah 

Cc. Wi Colvin, Bl Co Electric 
Railway Co., 425 Carrall St., 
Vancouver, B. C. 

Wegg, Dept. of Com- 
merce, Room 817, Pennsylvania 
Ave., at 19th St., N. W., Wash- 
ton, i ics 


Bldg., Buffalo, N. Y. Worcester CG, EMitood F. B. Crosby, Morgan Construc- 
Oklahoma E. R. Page C. C. Stewart, Oklahoma Gas & tion Co; 25) Belmont St. 

Electric Co., Norman, Okla. Total 51 Worcester, Mass. 

LIST OF BRANCHES 
Counselor 
Name and Location Chairman Secretary (Member of Faculty) 

Alabama ;Polytechnicinstitute; Ambiunny Alla: a. blew tom austen «oleic fies cnaueteners fs J. D. Stewart I. L. Knox W. W. Hill 
Alabamaseu miversity Of; iWiaiversit yu Ale sine 4h qaye cutters Ale anche out earns ave plceuniaue ets C.E. Rankin Sewell St. John 
IATIZONAIUMLV CLSILY Ol; “DUCSOI PATI ai fret h eon ter takan eta PMO otea We erer eh el orate shal tere J. W. Cruse Paul Cloke 
Arkansas, University.of, Payetteville, Ark. o.,.8)00 sic. beneen ee esos «deems. Carroll Walsh W. H. Mann W. B. Stelzner 


Armour Institute of Technology, Chicago, Ill 
Brooklyn Polytechnic Institute, Brooklyn, N. Y 
Buckaell University, Lewisburg, Pa 
California Institute of Technology, Pasadena, Calif 
California, University of, Berkeley: Galitinspe e-ietem aye sieht e ots eae aiviaice Siece Seeman 


M. T. Goetz 

F. Wanpel 

A. Fogelsanger 
Thomas L. Gottier 
C. F. Dalziel 


Carnegie unstitute.of Technology, Pittsburgh, Pasciosk .«:.etea este dosnonuene J. R. Power 


Case School of Applied Science, Cleveland, O 
Catholic University of America, Washington, D. C 


C. A. Baldwin 
B. J. Kroeger 


CincinnatiwUiniviersity of, Gineinaa tin One .oe soe cients seen anual cle caret F. Sanford 
Clarkson! College of Technology, Potsdam, IN. Nan. asecicca nee utc ohd aceeety nena W.R. MacGregor 
Clemson Agricultural College, Clemson College, S. C..................000 eee B. V. Martin 
Colorado State Agricultural College, Ft. Collins, Colo...................0000- C. O. Nelson 
Colorado, Univerxity of, Boulder, Colo AD hhemas 
Cooper Union, wNewaviorsN. Yee .. F. H. Miller 
Denvery University of; Dem vens Coloma cetera oh ce macnn et een a eee mee Harold Henson 
Drexeliinstilute; Philadelpiia mbar weyenciat ene ee aise tre fat oe hee eee eee ee H. D. Baker 


O. B. Turbyfill 
W. M. McGraw 


IdahomUniversitysor,e\Vioccows ldahnous mee wei. noite merece ieee erie J. W. Gartin 
Towa) State College, Ames; Towa ain ce briae fewest net eetan ale ea eet P. E. Benner 
lowas UniversitviotyulowayCityvaslawasao: sen anima ters tae ee tite a eee L. Dimond 
KansasiState Colleges Manhattan, Kans) 5 yeas. fe ceieamnecnein depen A. M. Young 
Kansas, Universitylotubawiencemanens ane) one aver a nina A i taeritien nantes W. L. XImmer 
Kentucky, University oly lwesneton) eye. . seem nt cn) ee ee ean ee J. A. Weingartner 
Lafayette College, BastonmijiPacai ean s eevee crsvtci ero ki eeteaie Reiter I e A. H. Gabert 
LehizhyUimiversitys,oaise vil chert amet teenie re teine nity: henna San ene nana F. G. Kear 
Vewiswustitdter Chicagoan lili em art mein to rie te tn cee ene eee O. D. Westerberg 
Maine University of i@ronon \leemre el areroei ia sehen eter Rae at anna enn nn S. B. Coleman 
Marquette! University, inl watiicee mace maven ann etter ranean ein nne as ean ee R. M. Franey 
Massachusetts Institute of Technology, Cambrdgie, Mass.......:......0.0-0. Stuart John 
Michizanistate) College wmBacrylearisiti] seem ein in tien Onn tn nani nn a anni Mr. Way 
Michigan, Universityrot, Anim Atboti Wliciiny in nens seth nein 7 tne cent inet M. H. Nelson 
Milwaukee, Engineering School of, Milwaukee, Wis.................--+000 S.A - Moore 
Minnesota sUmiversity of. \Minneapolissiviinm tare aide ce seine ies ie ania C. H. Burmeister 
MissourigUniversityots Columpiays onesie iin ciniier mein amen mint tines M. P. Weinbach 


..W. J. Maulder 
Reis atte W. E. Pakala 


C. W. Schramm 
Joseph Heller 
J. D. Johnson 


ey 
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. H. Shuhart 

. G. Raymond 
. S. McPhee 

. T. Baldwin 

. W. Geyer 

r. Phelps 

. R. Stevenson 
« J. Chromy, 

. H. DuBois 

. Spraragen 

. P. Baumgartner 
. A. Thaler 

C. J. Madsen 
Cornelius Fort 


WS On 
@ 
A 
@ 
5 


PK to = Ty 


o 


D. P. Moreton 
Robin Beach 

W. K. Rhodes 

R. W. Sorensen 
T. C. McFarland 
B. C. Dennison 
H. B. Dates 

T. J. MacKavanaugh - 
W. C. Osterbrock 
A. R. Powers 

S. R. Rhodes 


W. C. DuVall 
Norman L. Towle 
R. E. Nyswander 


Morland King 

J. L. Beaver 

F. A. Rogers 

W. E. Barrows, Jr. 
J. F. H. Douglas 
W. H. Timbie 

L. S. Foltz 

B. F. Bailey 

B. A. Bovee 

H. Kuhlmann 
M. P. Weinbach 
I. H. Lovett 

J. A. Thaler 

F. W. Norris 

S. G. Palmer 
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Counselor 
(Member of Faculty) 


Name and Location Chairman Secretary 
New York, College ofthe City of, New Works Ne Yew. csc ctiee c ajeste oe wreaths ee oe Harold Wolf J. Leipziger 
ewe OLKaUmiversity eNom? Von Nit Vmur ata mene nee Lie ative Macken ate H. U. Hefty Henry Och 
North Carolina State, College, Maleigh, NiiGncs aaecnreig cxerevtscesnvare vietainreeouscan arti cient F. P. Dickens H. Baum 
Nonthe Carolina nu niversityof Cha nelmedillcmentaniahtls cases oases. ne aiecirisicee « H. L. Coe C. M. Lear 
WortheDakota, lUniversity.of) University ans yeee ccc aceite oer + divs euarsiue sus a Vil. Cox O. B. Medalen 
Mortheastem*= University, boston Nlascan: sukiea ss or. oe Chine avs fate tlre is W. P. Raffone John L. Clark 
Notre Dame, University of, Notre Dame, Ind C. A. Rogge J: &. Burton 
Ohio Northern University, Ada, Ohio........ ..M. Heft P. W. Wadsworth 
Ohio State diniversity.eco liam bist @s een chee acta cs oyc'.ces Sette tua tinv's viens Sug coebevyie oe Lee P. Doyle J. S. Hoddy 
OnionUniversityeAthens Onions strimmer cca e ce nae he ee ek eee Oka N. R. Smith J. E. Quick 
Oklahoma A..é& M. College, Stillwater, Ola... 2.0.6.5 000 00 eens saeviecile 03 W. J. Beckett Lee Rogers 
Oklahoma eUniversity Of. Norman. Olea wers tec uc sm rcce wine oc ec cece wuts ae oe G. B. Brady J. C. Glaze 
OreconvAgricultural College, CorvalliguiOre ci heats oa. 1' cuctaleclaaraeaiee els okt F. D. Crowther E. F. Reddy 
Rennsylvania State College, State College, Pac cnceces siewee cis sciee anu ens ors earn F. F. Wilkins C. C. Huggler 
Pennsylvania, University or, Philadelphia saseue tcc. eis oe tena cleo eile oss F. H. Riordan, Jr. W. H. Hamilton 
Pittsburgh, University or, Pittsburet Pact aoc «cic pacrausiduicceleos ahaa ects males S. A. Swetonic L. M. Brush 
RUC OUeHUUIVEESILY. UAL aVOULO oEaIGe, Sie Gi cise o okevceinlieve oie) dekelaviany iste nie, okenoss mecteuptene A. Howard T. B. Holliday 
Rensselace Polytechnic Institute, Lroye Nv Mics ons cee a oka wedeusesetcaeicron F. M. Sebast K. C. Wilsey 
Rhodepisland StaterColleseeingston, Rolin. cose sa cocleceewce. beatae tunes G, A. Eddy C. Easterbrooks 
Rose Polytechnic Institute, Terre Maute, Ind oo... cnn es oe onc cs Week nda veds Je Beate E. Letsinger 
RutcersUpiyersttyecNew, bins wick, Ni Jiu. sees acre oaiun sim share weue See anges E. C. Siddons W. H. Bohlke 
South Dakota State School of Mines, Rapid City, S. D.............. 00000005 C. Allen Harold Eade 
South-DPakota-dniversity, of, Vermillion: Si Dic cosn ce ones ok odledms od ee onion L. J. Stverak R, T. Brackett 
Southern California, University of, Los Angeles, Calif.............. eee ee eens Karl Raife E. E. Smith 
Staaford University, Stanford University, Calif... ccc. cee tecee eee eedeeenes A. V. Pering J. G. Sharp 
Stevens Institute of Technology, Hoboken, Ni J... ee ce eee ences D. B. Wesstrom Gene Witham 
Swartumonre- Collere ms wantnuOren Pas cncdas bie ene cee cadiawd ws Gate oe fAtek are J. S: Donal, Ix. R. W. Lafore 
SRctacusey University (Syracuse. cNikW isc cwlemhers Hara omnes wae eee ela ed suse ealate areas K. N. Cook R. H. Watkins 
mennossce University Oly KenoOxvillon NEN csc. saisss ss sis oe -cimgheie neta eiers ao iaue F. N. Green B. M. Gallaher 
Texases. «o M.'College, College Station; Texas. 3. 02 dc hetns do sree eels tenn ott L. H. Cardwell C. A. Altenbern 
LEAS MUMIVErsley OL mAticning, OX. onc cccssera sipisioltia cen ave Gugeial tga tee os laguele a jase re F. W. Langner H. W. Zuch 
rah, University Of; Salt LaketCitys Utahns) oe stot tere. ore dehdetraetuauterae H.C. Bates C. E. Hoffman 
Virginia Military Institute, Lexington, Va..... Se uae anaes .R. P. Williamson M. L. Waring 
Virginia Polytechnic Institute, Blacksburg, Va.. .........0... aside Cpa we Mio. otaley, R. M. Hutcheson 
Wiesinas tO niversity ery Umiversitiv.| Wars cases oc oh alsvaie Siete bt + Secs CaS Bere eects R. C. Small G. L. Lefevre 
Washington, State College of, Pullman, Wiashia. «0 sc.<actuc eres soles 0S seins eueraens S. H. White H. R. Meahl 
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NEW CATALOGUES AND OTHER PUBLICATIONS 
Mailed to interested readers by issuing companies 

Recording Voltmeters.—Catalog 1502, 24 pp. Voltmeter 
Section, describes a complete line of Bristol’s recording volt- 
meters, together with price list. The Bristol Company, Water- 
bury, Conn. 

Testing of Automobile Lamps.—Bulletin 105, 16 pp. De- 
seribes the testing and approval of automobile headlamps and 
tail lamps, with rules and specifications. Includes a list of 
approved electric headlighting devices. The Electrical Testing 
Laboratories, 80th Street & Hast End Avenue, New York. 

New Prices for Century Motors.—The Century Electric 
Company, St. Louis, Mo., has issued new price lists of its repul- 
sion start, induction, single-phase, and squirrel cage induction 
polyphase motors, effective September 13, 1926. Stocks are 
maintained at 29 points in the United States and more than 50 
elsewhere. 

Alternating Current Instruments.—Bulletin 150, 4 pp. 
Describes Roller-Smith Type HTA portable ammeters, milli- 
ammeters, voltmeters, and Type HA a-c. single-phase and d-e. 
wattmeters. Direct Current Instruments.—Bulletin 110, 
8 pp. Describes Roller-Smith Type HTD portable ammeters, 
milli-ammeters, voltmeters, milli-voltmeters and volt-ammeters. 
The Roller-Smith Company, 12 Park Place, New York. 

Insulators and Trolley Equipment.—Catalog 20, 945 
pages, includes a complete list of all O-B porcelain insulators, 
trolley and line materials, rail bonds, car equipment and mining 
materials. 

All of the material pertaining to porcelain insulators and hard- 
ware, 472 pages, is also being distributed in a separate binding, 
known as the Insulator Section. This binding is for the conve- 
nience of those interested in high tension material only. The 
books are indexed and have numerous convenient cross-refer- 
ences. The Ohio Brass Company, Mansfield, Ohio. 

Lighting Data.—A series of interesting bulletins on illumina- 
tion and lamps. Bulletin 108B, 24 pp., describes the lighting of 
offices and drafting rooms; Bulletin LD-114C, 40 pp., explains 
the theory and characteristics of Mazda lamps; Bulletin LD- 
117C, 386 pp., is on the calculation of lighting installations 
(predetermining the illumination); Bulletin LD-134A, 32 pp., 
refers to the lighting of the metal working industries; Bulletin 
LD-141A, 48 pp., covers motor car, garage, and display room 
lighting. It includes the automobile lighting laws of all of the 
states. Edison Lamp Works of General Electric Company, 
Harrison, N. J. 


NOTES OF THE INDUSTRY 


Ferranti, Limited, Establish Branch in New York.— 
Announcement has been made by Ferranti, Ltd. of Hollinwood, 
England, that a branch office has been established at 130 West 
42nd Street, New York, and that the name of the American 
branch will be Ferranti, Incorporated. 

New Branch Office for Bristol Company.—The Bristol 
Company, Waterbury, Conn., manufacturers of recording elec- 
trical instruments, has opened a branch sales and service office in 
the U. S. National Bank Building, Denver, Colo., H. T. Weeks, 
representative, in charge. 

Timken Appoints C. H. Johnson.—The Timken Roller 
Bearing Company, Canton, Ohio, announces that C. H. Johnson 
has been appointed engineer of the service department. He will 
have direct charge of installation of Timken bearings in automo- 
tive and industrial applications. 

Cepperweld Steel Company Appoints Representative.— 
C. J. Spindler of the Valuation and 4 Rate Department 
of the Illinois Power and Light Corporation with head- 
quarters in Chicago, has accepted a position as representa- 
tive of “Copperweld” with the Steel Sales Corporation. Mr. 


Spindler’s «territory will consist of Illinois, Wisconsin and 
Michigan. 

Manufacturers’ Agency Established at San Francisco.— 
Thomas A. Fawell has recently organized a manufacturers’ 
sales agency at 40 Sansome Street, San Francisco. He now 
represents Kohlenite Products, Ine., New York, brushes for 
electrical machinery, and the Martindale Electric Company, 
Cleveland, motor maintenance equipment, stones, slotters, ete. 


Kuhlman ElectricCompany Opens Branch at Atlanta.— 
The Kuhlman Electric Company, Bay City, Michigan, manu- 
facturers of power, distribution and street lighting transformers, 
has announced the opening of a direct factory branch in Atlanta, 
Ga., located at 411 Glenn Building, Ernest K. Higginbottom in 
charge. Mr. Higginbottom has represented the Kuhlman 
Company throughout the southeast during the past two years. 


The Jas. R. Kearney Corporation Adds to Staff.—The 
Jas. R. Kearney Corporation, St. Louis, Mo., announces that the 
following men have recently joined the organization: Walter A. 
Heinrich, as chief engineer; Mr. Heinrich was formerly con- 
nected with the W. N. Matthews Corporation as electrical engi- 
neer. Elon J. DeRight, special sales engineer; Mr. DeRight, 
until recently, was superintendent of high line construction of the 
Kansas City Light and Power'Company. James R. Kearney, Jr. 
as advertising manager and secretary; Mr. Kearney is a recent 
eraduate of the University of Missouri. Hal C. Fiske, as assis- 
tant designing engineer; Mr. Fiske was formerly connected with 
the sales organization of the J. E. Sumpter Company, Minneap- 
olis. J.C. Friedrichs, as engineer; Mr. Friedrichs was formerly 
with the Western Engineering Company, St. Louis, Mo. 


Record Breaking Turbine-Generators Being Built by the 
G-E Company.—The General Electric Company has an- 
nounced that it will supply the equipment referred to below: 

The Edison Electric Illuminating Company, Boston, is to install 
a 63,000 kw., single-cylinder turbine-generator. This machine 
will be the largest single-cylinder turbine in the world. 

The Southern California Edison Company is to install two 
tandem-compound turbines, rated at 94,000 kw. at 90 per cent 
power factor or 105,000 kw. at unity power factor. These will 
be the largest tandem-compound turbines ever built. 

The State Line Generating Company is to install a 208,000 kw. 
cross-compound turbine-generator in its new generating station 
on the shore of Lake Michigan. The ultimate capacity of the 
station is to be 1,000,000 kv., and the turbine-generator now 
building is the largest of any type yet projected. 


Westinghouse Reorganizes Engineering Department.— 
Reorganization of the General Engineering Department of 
the Westinghouse Electric and Manufacturing Company has 
been announced by H. W. Cope, assistant director of 
engineering. 

The reorganization has necessitated the re-allocation of several 
engineers, four being elevated to managers of engineering. 
These are F. C. Hanker, manager of Central Station Engineering; 
S. B. Cooper, manager of Railway Engineering; G. E. Stoltz, 
manager of Industrial Engineering and W. E. Thau, manager of 
Marine Engineering. 8. A. Staege, formerly section engineer in 
charge of the paper mill section, has been appointed industrial 
engineer giving particular attention to the paper mill industry. 

Among the other appointments, also announced by-Mr. Cope, 
are: Central Station Engineering—C. A. Powel, R. D. Evans, and 
C. A. Butcher; Railway Engineering—H. K. Smith, G. M. 
Woods, and A. H. Candee; Industrial Engineering—E. M. 
Bouton, C. W. Drake, C. T. Guildford, C. H. Matthews, 0. 
Needham, J. W. Speer, W. W. Spratt, and E. B. Dawson. 

The appointment of N. W. Storer as consulting railway 
engineer in charge of the group handling of Diesel-electrie loco- 
motives and rail cars has also been announced. 


